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Charles D. and Mary Waux Walcott Research Fund 


A PORP HER STUDY OF THE LOWER EOCENE 
MAMMALIAN FAUNAS OF SOUTHWESTERN 
WYOMING* 


By C. LEWIS GAZIN 


Curator, Division of Vertebrate Paleontology 
United States National Museum 
Smithsonian Institution 


(With 14 Plates) 
INTRODUCTION 


Continued exploration for the Smithsonian Institution of the 
early Tertiary deposits of the Wyoming region has included further 
investigation of the lower Eocene sequence in the southwestern part of 
the State. Collections described by the author in 1952 were derived 
principally from the Knight beds along the Green River in the vi- 
cinity of La Barge and Big Piney in Sublette County, although scant 
remains from other localities and horizons were discussed. Particu- 
lar attention to the less well represented occurrences has since resulted 
in considerably larger collections furnishing us with much better in- 
formation on various faunas and their age relationships. 

The later work in this area by the author’s field party was di- 
rected in a large measure toward increasing the faunal representation 
from the New Fork beds above the Tipton tongue in the northerly 
part of the Green River Basin. Repeated search with the develop- 
ment of quarries in the lowest levels of the Knight near Bitter Creek 
Station in the Washakie Basin proved fruitful in adding significantly 
to the collections made here by Cope in 1872 and by Marsh in 1876 
and 1882. Work in the Washakie Basin has also included systematic 
search of the Cathedral Bluffs beds and of the higher levels of the 
Knight below the Tipton tongue of the Green River formation in 
selected areas, particularly in the eastern portion. Moreover, detailed 
examination was made of widely scattered exposures of the Knight in 


1 Study of early Tertiary mammals is currently aided by a grant from the 
National Science Foundation. 
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Fic. 1.—Map of southwestern Wyoming and portions of adjacent States show- 
ing Eocene basins of deposition, with fossil localities in Wasatch formation 
numbered as follows: 1, Red Desert; 2, Bitter Creek; 3, Four Mile Creek; 
4, W. of Elk Mountain; 5, Fossil Butte; 6, Knight Station; 7, Tipton Butte; 
8, La Barge; 9, Dad; 10, New Fork; 11, Cathedral Bluffs; 12, Oregon Buttes; 
13, Rock Spring uplift (both flanks). (Map reproduced from Osborn, U. S. 
Geol. Surv. Monogr. 55, figs. 9, 49, 1929.) 
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the Fossil Basin, uncovering new localities in the local basin to the 
west and southwest of Elk Mountain in addition to those previously 
known around Fossil Butte and in the vicinity of Knight Station. A 
summary of these investigations was prepared for the 1959 guidebook 
of the Intermountain Association of Petroleum Geologists for their 
field conference relative to the Wasatch and Uinta Mountains. 


ACKNOWLEDGMENTS 


Among the many who have been of assistance to me in this restudy 
of these faunas, I am particularly indebted to the following: 

Dr. Joseph T. Gregory, while at Yale University, kindly turned 
over to me for inclusion in this investigation the interesting collection 
of unstudied materials made near Bitter Creek by O. C. Marsh’s par- 
ties. Dr. Peter Robinson supplemented this by sending me from 
time to time occasional specimens of this collection later encountered 
during his curatorial work on the Eocene mammals of the Marsh 
Collection. Dr. Glenn L. Jepsen, in addition to permitting me access 
to various lower Eocene collections at Princeton University, was 
most helpful in lending me for review the collections of lower 
Eocene mammals from the Washakie Basin. The latter were made 
by Dr. William J. Morris and included specimens representative of 
both the Dad and Cathedral Bluffs faunas. Dr. Malcolm C. Mc- 
Kenna, while a student at the University of California, sent me for 
study a collection of teeth that his party made in beds beneath the 
Tipton tongue near Dad, during the time of their work at the Four 
Mile Creek locality in nearby Colorado. I was also permitted, through 
the kindness of Drs. M. Graham Netting and J. LeRoy Kay, to ex- 
amine the Dad locality materials coilected by Kay. These were the 
specimens reported but not seen by me in 1952. More recently I have 
been privileged to examine for report several small collections made 
by Henry W. Roehler of the Mountain Fuel and Supply Co. from a 
series of carefully documented localities in lower Eocene strata of 
various horizons on the flanks of the Rock Springs uplift. Dr. Paul 
O. McGrew of the University of Wyoming has also aided in furnish- 
ing me with selected artiodactyl and primate specimens of particular 
interest that University of Wyoming parties obtained at various 
localities in the region. 

During the faunal study I have been permitted unrestricted access 
to the type and other comparative materials in the collections of the 
American Museum, through the courtesy of Drs. George G. Simpson, 
Edwin H. Colbert, and Bobb Schaeffer. Mrs. Rachel H. Nichols, 
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former scientific assistant, was particularly helpful in locating speci- 
mens and arranging for loan of materials. 

As in previous years I was assisted in the field during the more 
recent investigations of 1953 to 1959 by Franklin L. Pearce, chief 
of our laboratory of vertebrate paleontology, with the additional help 
of Theodore B. Ruhoff in 1956. In 1953 George Pipiringos of the 
U. S. Geological Survey kindly conducted us to various fossil locali- 
ties that he and Dr. R. W. Brown had located the year before. These 
included the Red Desert locality east of Steamboat Mountain and 
sites near Tipton Butte, from which collections had been sent to me 
for identification and report in 1952, but too late for my paper of 
that year. 

Most important to the value of this study are the incomparable 
pencil drawings prepared for the accompanying plates by Lawrence 
B. Isham, staff illustrator for the Department of Geology in the 
U. S. National Museum. 


GEOLOGIC RELATIONS 


Important new information on the geologic ages and sequence of 
early Tertiary formations in the southwestern part of Wyoming, 
particularly in the Fossil Basin and adjacent parts of Utah, necessitates 
a restatement of geologic relations, modifying the summary and 
definitions of usage presented in 1952. Much of this relates to demon- 
stration by Tracey and Oriel (1959) that the Fowkes formation is 
stratigraphically higher than the Knight and a revision by Bradley 
(1959) of the nomenclature and relationships of members of the 
Green River formation in the Wyoming area. Further information 
on ages of various horizons in this sequence likewise calls for addi- 
tional discussion. 

Evanston formation.—tThe earliest formation in the Fossil Basin 
including strata of Tertiary age is the Evanston. Fossil mammal ma- 
terials encountered (Gazin, 1956a) near Fossil Station on the Union 
Pacific Railway demonstrate that the uppermost beds of this unit are 
Tiffanian Paleocene in age. Tracey and Oriel (1959) found cera- 
topsian dinosaur materials in the lower part of the formation, show- 
ing that beds as old as upper Cretaceous are also included. 

Wasatch formation.—The original definition of Wasatch by Hayden 
(1869) can only be interpreted as including the section of essentially 
reddish or variegated beds extending from near Carter, Wyo., to the 
“Narrows” of Echo Canyon in Utah. Moreover, Hayden’s selection 
of the term “Wasatch” cannot be interpreted as implying a type sec- 
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tion within any narrowly restricted area at the railroad station of that 
name. 

Veatch’s revision (1907) of the term “Wasatch,” while seemingly 
a logical arrangement from the information forthcoming at that time, 
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Fic. 2—Chart showing approximate relations of the various stratigraphic units, 
ages, and faunal horizons of the Wasatch and other early Tertiary formations of 
southwestern Wyoming. (Modification of a portion of the chart prepared by author 
for Eocene Subcommittee of the Society of Vertebrate Paleontology Committee on 
Nomenclature and Correlation of the Continental Cenozoic.) 


involved certain errors that much alter conception of the sequence. 
The three formations that he proposed as comprising the Wasatch 
group were, in ascending order, Almy, Fowkes, and Knight. As 
mentioned above, the Fowkes, consisting in a large measure of gray 
to white volcanic ash, is now known to be younger than the Knight, 
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and hence not included within the group of reddish beds that were 
involved in the original definition of Hayden. Secondly, Veatch con- 
sidered that the reddish and essentially conglomeratic beds in Echo 
Canyon correlated with his Almy. Much of the sequence exposed 
in Echo Canyon is unconformably beneath the Tertiary, and in a 
recent paper by Williams and Madsen (1959) the older beds have 
been named the Echo Canyon conglomerate. They report fossils 
identified by Cobban as demonstrating a Cretaceous age, possibly 
late Niobrara. These exposures, it may be recalled, are those most 
glowingly described by Hayden, and are as much a part of the original 
Wasatch as is the Knight. This is, of course, an unwarranted exten- 
sion of the group concept. 

The U. S. Geological Survey and others have often extended use 
of “Wasatch” to designate reddish or variegated beds in many re- 
mote areas and basins not a part of the basin of deposition for which 
Wasatch was originally proposed. This practice is, of course, unac- 
ceptable by standards based on probable formation continuity, and 
by such designation the geologist can only be implying a color re- 
semblance, or more often than not he is using it as a time term to 
indicate an early Eocene(?) age. 

The term “Wasatch” no doubt should be abandoned but it has be- 
come so deeply entrenched in the literature that this may not be 
feasible. Redefinition to exclude the Echo Canyon conglomerate 
would, in general, conform to later usage in southwestern Wyoming. 
This would involve beds that have been described by Veatch as Almy 
and Knight in the Fossil Basin, but exclude, of course, the Evanston 
formation. The Almy is nearly unfossiliferous in the type area and 
although it appears to occupy a position stratigraphically between the 
Evanston and Knight, suggesting an uppermost Paleocene or Clark- 
forkian age, it is regarded by Tracey and Oriel (oral communication) 
as probably no more than a coarser or marginal facies of the Knight.? 
Wasatch in this manner is restricted to scarcely more than formation 
significance in the Fossil Basin, and probably also in the adjacent part 
of Utah. 


2 During the 1961 field season, after this paper had gone to press, determinable 
remains of fossil mammals were encountered by Franklin L. Pearce, Steven S. 
Oriel, and myself in beds mapped by Veatch as Almy on the north side of Red 
Canyon just to the east of the town of Almy. Several genera are recognized and 
an early Eocene age is evident, demonstrating that the “Almy” in its typical area 
is a coarser facies of the Knight. Details of the occurrence, the fauna represented 
and conclusions to be drawn are being prepared as a separate geological note by 
Tracey, Oriel, and myself. 
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The foregoing, together with a recent decision (Feb. 24, 1960) of 
the Geologic Names Committee of the U. S. Geological Survey to 
recognize “Wasatch formation” in preference to “Knight formation” 
for the concerned beds in southwestern Wyoming, has led me to re- 
vise usage in this paper from that adopted in my 1952 and 1959 reports 
on the faunas, complying to this extent with nomenclature henceforth 
to be used by the U. S. Geological Survey. The term Knight, how- 
ever, I have retained in this study to designate a member of the 
Wasatch formation. It is restricted from my earlier usage in the Green 
River and Washakie Basins to include only the lower Eocene portion 
of the Wasatch that is beneath the Tipton tongue (see fig. 2), exclud- 
ing the Cathedral Bluffs tongue of the Wasatch and its equivalent 
New Fork tongue. 

The type section of the Knight, as defined by Veatch, is in the Fossil 
Basin; and the unit in this general area has been demonstrated to 
include beds from lowest Eocene to at least as high as Lysite, but 
whether or not strata of Lost Cabin equivalence are present has not 
been shown. The sequence does involve these later beds in the Green 
River and Washakie Basins and hence does not appear to be en- 
tirely equivalent. Nevertheless, the two sequences are essentially con- 
tinuous to the east of Evanston and there would seem to be no logical 
reason for separate designation in any of the complex of adjoining 
basins having contiguous early Eocene deposition in the southwestern 
part of the State. 

Wasatchian—Although recognizing the term “Wasatch” to be 
variously misused and adopting it only as a group term, the Society 
of Vertebrate Paleontology’s committee on Nomenclature and Cor- 
relation of the North American Continental Tertiary in 1941 (Wood, 
et al.) proposed and defined the term “Wasatchian” as an arbitrary 
time or age designation to include the lower part of the Eocene, older 
than Bridgerian or middle Eocene. The term “Wasatchian” is clearly 
limited by definition to the Eocene and is not intended to include the 
Paleocene portion of time that seems evident for earlier strata that 
might be included in the Wasatch formation. 

Green River formation.—W. H. Bradley in 1959 revised the strati- 
graphic nomenclature of the Green River formation in Wyoming. 
Recognizing that the “Laney” of the Bridger Basin interfingered with 
the Cathedral Bluffs tongue northeast of White Mountain and was 
hence stratigraphically older than the type Laney in the Washakie 
Basin which overlies the type Cathedral Bluffs, he gave the new name 
“Wilkins Peak” member to the “Laney” of the Bridger Basin. At 
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the same time he concluded that his Morrow Creek member, which 
overlies the Wilkins Peak, must then be equivalent to the type Laney 
and should therefore be abandoned. 

From this it is seen that in the Bridger or Green River Basin the 
New Fork tongue, which is evidently equivalent to the Cathedral Bluffs 
tongue, overlies the Fontenelle or Tipton tongue, interfingers with 
the Wilkins Peak and is overlain by the Laney member of the Green 
River. Evidently the Wilkins Peak member is present only in the 
Bridger Basin, so that to the east of the Rock Springs uplift the wide- 
spread Cathedral Bluffs tongue overlies the Tipton tongue and is 
overlain by the Laney member. 


THE MAMMALIAN FAUNAS 


The various Mammalia encountered at the several general locali- 
ties and horizons in the lower Eocene beds of southwestern Wyoming 
are included together in the following composite list and checked to 
show representation in the more important localities for these horizons. 


OCCURRENCES AND FAUNAL CORRELATIONS 


The various collecting localities included in the apposing list, for 
the most part rather general areas representing subdivisions of Wa- 
satchian time, are discussed in following sections. To these, however, 
are added consideration of the Four Mile Creek localities in Colorado 
that were studied by Malcolm C. McKenna, the series of localities in 
stratigraphic sequence on the flanks of the Rock Springs uplift that 
were systematically developed by Henry W. Roehler, and a few 
occurrences of lesser faunal importance that seem worthy of mention. 

Red Desert—The locality referred to as Red Desert in the at- 
tendant check list is a small area of buff, course-grained sandstone 
which outcrops in about sec. 12, T. 23 N., R. 100 W., approximately 
14 miles east of Steamboat Mountain to the north of the Rock Springs 
uplift. The horizon here represented is near the base of Pipiringos’s 
Red Desert tongue and judged by him to be about 200 feet above the 
Eocene-Paleocene contact. The small patch of sandstone shows much 
evidence of wind erosion, and the rather fragmentary materials ob- 
tained, consisting mostly of isolated teeth, would appear to be a part 
of a residual concentration of coarser particles left by the wind. 

The fauna represented includes such characteristic Wasatchian 
forms as Pelycodus, Esthonyx, Phenacodus, Hyracotherium, and 
Diacodexis but evidence for an early Gray Bull equivalence is seen in 
the condylarth Haplomylus speirianus. A correspondence to the Four 
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Mile fauna described by McKenna is suggested by an upper molar 
referred to primitive Hyopsodus loomisi, and by this together with 
a lower molar of Pelycodus(?) praetutus and teeth of Meniscotherium, 
cf. priscum, a resemblance to the Bitter Creek fauna is also seen. 

Bitter Creek.—Most significant of the newly worked localities is 
a prominent hill of north- and westerly-facing exposures approxi- 
mately a mile and a quarter south of Bitter Creek Station on the 
Union Pacific Railroad in Sweetwater County. This is surely the 
locality Cope (1872) referred to as Black Buttes in his description 
of Coryphodon armatus. It is the nearest exposure of Wasatchian 
materials to the Black Buttes station a few miles to the west, and the 
topographic feature of that name is still more remote in the older 
formations of the Rock Springs uplift. Marsh’s parties also made 
collections here in 1876 and 1882, including the specimens he described 
as Eohippus pernix. The Marsh material, except for the hyracothere, 
has not been previously described. The exposures at this locality are 
on the west or northwest side of the Washakie Basin and may like- 
wise be considered as on the east flank of the Rock Springs uplift. 
The locality is in the lowest part of the Knight, but little above the 
Paleocene. The contact or transition between these sets of beds is 
obscured locally by the alluvium of Bitter Creek. Fossils were en- 
countered in various lithologic zones, including the thicker sandy 
marls, where more than one good skull of Coryphodon was obtained, 
but many of the smaller jaws and teeth were found in or adjacent to 
the thin carbonaceous layers which abound in spines and other frag- 
ments of fish. 

A fauna of about 24 species of mammals representing 21 genera 
was recognized in the combined National Museum and Yale University 
collections. The fauna closely resembles that of the Gray Bull beds 
in the Bighorn Basin, and the small condylarths Haplomylus speirianus 
and Meniscotherium, cf. priscum, suggest correlation with the earlier 
part of Gray Bull series. The genera here are nearly all included in 
the larger Four Mile fauna and differences in certain of the species 
represented may in part reflect local conditions or environment. Most 
noticeable with regard to the Four Mile fauna is the absence of 
Meniscotherium, which so far has not been found in any of the 
horizons on the east side of the Washakie Basin. This must surely 
represent a persistent ecological difference. 

Four Mile Creek.—To the southeast of the Washakie Basin in the 
adjacent part of Colorado, but nevertheless within the more general 
area of the Washakie basin of deposition, a number of localities in 
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exposures very low in the Knight have yielded remains of a fauna 
of considerable size. Collecting here was done by University of Cali- 
fornia parties and the collections, made largely by a washing technique, 
were described in detail by McKenna (1960). The localities from 
which these materials were obtained are shown in a map accompanying 
his report. 

The Four Mile fauna is equivalent in age to the early part of the 
Gray Bull beds, or essentially the Sand Coulee level, in the Bighorn 
Basin. These collections have not been examined by me, and no direct 
comparison of the materials with, for example, those from Bitter 
Creek has been made, so that a comparative listing here seemed inad- 
visable. 

West of Elk Mountain.—Exploration of the Knight was extended 
to include a variety of localities in the Fossil Basin along the western 
margin of the State in Lincoln and Uinta Counties. Newly discovered 
localities in the valley of North Bridger Creek to the west of Elk 
Mountain, however, while only sparsely fossiliferous, have produced 
as representative a collection as that obtained at Fossil Butte. The 
localities are low on a west-facing escarpment that is capped with 
Green River beds west and southwest of Elk Mountain. The occur- 
rences are scattered along exposures due west of Elk Mountain, where 
remains were found near the base of the sequence, to about three or 
four miles farther south, in or near sec. 30, T. 20 N., R. 119 W., 
where collecting was done at a somewhat higher level. In this area, 
as near Fossil Station, the Knight is resting directly on the Evanston 
formation. 

About 13 genera of mammals are recognized and remains of one 
species, Haplomylus speirianus, suggesting early Gray Bull although 
not necessarily Sand Coulee, were found at the locality near the base 
of the section due west of Elk Mountain. Vassacyon, cf. promicrodon, 
found a couple of miles farther south near a specimen of Phenacodus, 
cf. vortmant, may also be indicative of Gray Bull time, but not neces- 
sarily the earliest part. Although the remaining forms for the most 
part do not seem to be critical as to horizon, they are, except for a 
recently discovered specimen of Meniscotherium, cf. robustum, forms 
to be expected in levels of Gray Bull equivalence. It may be further 
noted that Coryphodon is more than usually abundant along the lower 
slopes of the escarpment and some rather good skull and jaw material 
was obtained. 

Fossil Butte——Fossil Butte derives its name from the well-known 
fossil fish quarries in the Green River formation that caps this butte 
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and nearby ridges in the vicinity of Fossil Station on the Oregon 
Short Line branch of the Union Pacific Railroad. A number of 
specimens of fossil mammals have been found in the variegated 
Knight beds beneath the Green River beds around Fossil Butte and 
adjacent areas. It is here that specimens first found by Princeton 
University parties in 1939 and 1940 were reported by me in 1952. 
Smithsonian Institution parties obtained a number of specimens from 
west-facing exposures in the saddle to the north of Fossil Butte as 
well as on the more accessible slopes around the south side of the 
butte. 

I am not certain that the remains collected on the slopes of Fossil 
Butte all represent the same division of Wasatchian time. Heptodon 
has been found only high on the slopes in the somewhat darker red 
beds close beneath the Green River shales. Also, the tooth portions 
of Didymictis considered to represent D. altidens were from a high 
level. It is clear that these upper slopes are later than Gray Bull and 
the presence there of Hyopsodus browni would suggest Lysite—but 
finding this species or a form within the same size range in the 
Dad fauna, in association with Lambdotherium, somewhat weakens 
this particular evidence. The absence of Meniscotherium, so abun- 
dant in the nearby La Barge localities, had been thought significant 
but the more recent finding of a maxilla in the saddle to the north 
of Fossil Butte and a lower jaw portion on the east side would 
appear to rule out this evidence also; however, the species repre- 
sented may not be typical M/. robustum because of the comparatively 
small size of the teeth. Nevertheless, the absence of Lambdotherium, 
invariably found in beds just below the Tipton tongue of the Green 
River beds belonging to Lake Gosiute, lends tentative support to a 
Lysitean age assignment. The remaining forms represented on the 
higher slopes of the butte, ie., Pelycodus, near P. jarrovii; Ecto- 
ganus, sp.; Reithroparamys sp.; Sinopa, cf. multicuspis; cf. Vulpavus 
australis; Hyopsodus, cf. miticulus; Hyracotherium; and Hexacodus 
uintensis apparently do not furnish critical information. It may be 
further noted, however, that the species of Hexacodus cited is not 
the same as that in the La Barge fauna. 

While there does not appear to be any certain evidence to demon- 
strate that the lower part of Fossil Butte is older than Lysite, it 
should be noted that Coryphodon seems much more abundant on the 
middle and lower slopes, much as it is to the west of Elk Mountain 
and at Bitter Creek. In addition to Coryphodon, sp.; Diacodon, cf. 
alticuspis; Pelycodus, near P. jarrovii; cf. Pachyaena gracilis; 
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Hyracotherium, sp.; and Hexacodus uintensis have been found at 
the lower levels. 

Knight Station—The localities along Bear River to the southeast 
of Evanston and in the vicinity of Knight Station were discussed in 
1952 and further exploration by Smithsonian Institution parties has 
failed to uncover additional materials of new significance. Granger 
(1914, p. 203) regarded these beds as equivalent to Lysite in age 
and to date I find no reason to question seriously this conclusion. 
Among the forms now recognized in the fauna from this locality 
there may be listed the following: 


Cynodontomys, sp. Coryphodon radians (Cope) (etc.) 
Esthonyx, sp. Hyracotherium vasacciense (Cope) 
Paramys excavatus Loomis (incl. H. index) 

Hyopsodus browni Loomis Heptodon ventorum (Cope) 
Phenacodus primaevus Cope Hexacodus pelodes Gazin 


Hexacodus uintensis Gazin 


Granger’s conclusions were based on the presence of Heptodon, 
which distinguished these beds from the Gray Bull level, and on the 
species of Cynodontomys and Hyopsodus which he regarded as 
nearest to Lysite forms of these genera. The Cynodontomys speci- 
men may well represent C. latidens but the absence of premolars 
leaves much to be desired. The Hyopsodus is of a size that strongly 
suggests Lysite H. browni, but there is recent evidence to indicate 
that a form of this size is present in the Dad fauna. Elsewhere this 
has not been found in the La Barge horizon. The two species of 
Hexacodus listed are based on the specimens listed by Van Houten 
(1945, p. 458) from American Museum labels as Diacodexis, sp. 
These had not been seen at the time of the 1952 report but have since 
been found and their identity is discussed under the species of 
Hexacodus. 

Identifiable remains of mammals are not frequently encountered in 
the type section of the Knight, but of those found Coryphodon seems 
most conspicuous, with Heptodon and Hyracotherium represented 
by remains from more than one individual. The absence of Lambdo- 
therium, while entirely inconclusive, permits retention of a Lysite 
assignment. 

Tipton Butte——A locality near Tipton Butte that has produced a 
number of isolated teeth was found by Roland W. Brown and George 
N. Pipiringos in 1952. It is in the SW4 sec. 23, T. 20 N., R. 96 W., 
near the top of the Red Desert member described by Pipiringos 
(1955, p. 100). Recognized among the teeth are a small form of 
Cynodontomys that may be C. angustidens; Pelycodus?, sp.; Es- 
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thonyx bisulcatus; Paramys, cf. excavatus; Vulpavus, possibly V. 
asius; Hyopsodus, sp.; Meniscotherium cf. robustum; and H-yraco- 
therium. I earlier reported these to Pipiringos as being about equiva- 
lent to Lysite or Lost Cabin in age. I believe now, however, that the 
age is probably not as late as Lost Cabin. It may well be Lysitian or 
late Graybullian, but the evidence is not critical. 

La Barge.—The outstanding occurrence or series of localities in the 
Knight member is that for the La Barge fauna in the vicinity of 
La Barge and Big Piney, essentially all in Sublette County. As 
described in 1952, the horizon of the Knight involved is exposed 
principally in the various canyons or draws on both sides of the 
Green River between La Barge and Big Piney and to a point about 
12 miles north of Big Piney. Fossil remains were encountered from 
a few feet to more than a hundred feet below the Tipton (Fontenelle 
of Donovan) tongue of the Green River. Certain of the more profit- 
able localities in these beds have been revisited on various occasions 
in later years, particularly that on Muddy Creek near where it is 
crossed by the highway north from Big Piney. 

Most of the 1952 report was devoted to the La Barge fauna, and 
the evidence relating to its Lostcabinian age considered in detail 
(1952, pp. 10-12). The significance of the occurrence of the species 
Meniscotherium robustum discussed then has since been modified by 
various scattered finds in the northern part of the Fossil Basin, and 
new information on the fauna is afforded by recognition in it of such 
genera as Palaeictops, Apatemys, Omomys, Chlororhysis, Knightomys, 
and Dawsonomys not cited in the earlier list. The number of genera 
of mammals now identified in the fauna is 31, representing about 40 
species, out of an entire number of about 53 genera and approximately 
95 species considered in this report for the lower Eocene portion of the 
Wasatch. This total number does not include early Knight occurrences 
in Colorado described by McKenna. 

Dad.—A long escarpment of Knight exposures beneath the Tipton 
tongue on the east side of the Washakie Basin, well known to col- 
lectors in the Wyoming region, extends along the west side of Muddy 
Creek and highway U.S. 330 from near Dad P. O. southward, inter- 
rupted by several long canyons heading to the west, to the vicinity of 
Baggs. While specimens have been found in many scattered locali- 
ties, most of the material collected by the Smithsonian Institution, 
Carnegie Museum, and University of California parties has been 
from the large promontory-like exposures near Dad. Hyracotherium 
is particularly common in this area. 
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The stratigraphic position of the occurrences referred to as the 
Dad locality appears similar to that for the La Barge area relative 
to the Tipton tongue, and the faunas represented are similar in the 
identity of several species. Among those in common may be men- 
tioned Chlororhysis knightensis, Paramys copei, Paramys major, 
Ambloctonus major, Vulpavus asius, Hyopsodus wortmam, Cory- 
phodon, cf. radians, Hyracotherium vasacciense, Hyracotherium, cf. 
craspedotum, Lambdotherium popoagicum, and Heptodon ventorum. 
Several of these are not particularly significant as to the horizon of 
the Knight represented but the occurrence of Lambdotherium would 
seem to limit it to Lostcabinian time. There are, nevertheless, a 
number of differences that are noteworthy, but which can possibly be 
attributed to local environment or ecology. The absence of Menisco- 
therium, so abundant in the La Barge fauna—missing from all 
horizons on the east side of the Washakie Basin—must surely be 
related to ecology. Not so easily explained perhaps are certain forms 
that seem rather primitive for this level, such as indicated by the 
materials that have been tentatively referred to Didymictis protenus 
and Viverravus acutus, and the small tooth referred to Esthonyx. 
Moreover, a Hyopsodus the size of Lysite H. browni is not repre- 
sented in the rather numerous remains of this genus at La Barge. 
Particularly surprising is the discovery of isectolophid remains 
closely resembling Homogalax. Too much stress, however, should 
not be placed on this because of the recognized survival of the isecto- 
lophid line into still later Eocene time. The possibility that the lowest 
exposures along the base of the Baggs-Dad escarpment, where it 
reaches its greatest height, may include beds older than Lost Cabin 
should not be disregarded, but unless faulting is involved, surely 
beds of Gray Bull age would not be exposed so near the Tipton 
tongue. 

New Fork.—Of especial importance are the New Fork or Ca- 
thedral Bluffs exposures along Alkali Creek in the same general 
area as those for the La Barge fauna but somewhat farther east of 
the Green River. Alkali Creek, a dry stream bed most of the year, is 
roughly parallel to the Green River, descending northward to where 
it joins the Green River near its confluence with the New Fork. 
Exposures of the New Fork beds are typically developed along the 
south side of the New Fork to the east of Big Piney, and on both 
sides of Alkali Creek. The most productive localities were found 
to be the series of buttes on the west side of Alkali Creek from its 
mouth southward for a few miles, beyond which the fluviatile series 


18 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


above the Tipton tongue is replaced by interfingering lake deposits 
belonging to the Wilkins Peak member of the Green River formation. 

Since the preliminary statement on this fauna in 1952, 15 genera 
have been added to the 10 (one of these, Ambloctonus, was cited in 
error) then recognized. These represent the smaller mammals such 
as insectivores, primates, rodents, artiodactyls, and particularly 
carnivores, as may be seen in the foregoing list. The fauna is rather 
closely related to that of the La Barge horizon, and about 16 species 
survived without change of significance or taxonomic importance the 
interval of lake encroachment during which the Tipton tongue was 
formed. Certain species, however, may be regarded as having evolved 
more appreciably ; suggested are those representing Cynodontomys, 
Notharctus, Prolimnocyon, and Bunophorus. The ecologic changes 
that accompanied the lake advance no doubt permitted or are re- 
sponsible for a certain faunal readjustment, with migrations and 
certain extinctions evident in the local scene, but because of the 
climatic factor involved this may have been rather widespread. 
Notable is the disappearance of Coryphodon, possibly also of Thryp- 
tacodon and Ambloctonus, although these are never common and 
could have escaped collection in the New Fork. A number of small 
mammals are not recorded later but their marked scarcity or unique 
representation precludes any generalizations. Newly introduced into 
the area are such forms as Hapalodectes, Bathyopsis, and Hyrachyus. 
Meniscotherium robustum evidently became extinct and was replaced 
from elsewhere by a form that would appear to be M. chamense. 
A new animal to the Green River Basin in New Fork time may also 
be Hyopsodus walcottianus. 

Cathedral Bluffs—Above the Tipton tongue in the Washakie 
Basin the Cathedral Bluffs member has been found to be compara- 
tively barren. Exploration by Smithsonian Institution parties has 
extended from the northwest around the northern and eastern sides 
of the basin to near the southeastward limit of the exposures, with 
the finding of but very occasional scattered specimens. Neverthe- 
less, collecting by William Morris for Princeton University has re- 
sulted in representation of a fauna of respectable size. Most of the 
Princeton material from the Cathedral Bluffs is from the zone of 
outcrop on the northeast side of the basin, as shown on the map 
accompanying his report (1954). 

About 15 genera are now recognized in this fauna, and though the 
number is not significantly greater than listed by Morris, there have 
been some changes in the names applied with a different interpreta- 
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tion of relationships (see Gazin, 1959, p. 135). All of these are 
discussed in the systematic portion of this paper, as listed in the 
preceding section. Of these, all but Peratherium, Trogosus?, Ab- 
sarokius, Microparamys, and the brontotheriid near P. fontinalis 
are represented in the New Fork fauna. Only Trogosus? and the 
brontotheriid appear significant in this difference. 

I have earlier (1959) discussed the possibility of the Cathedral 
Bluffs including upwards beds somewhat later than are represented 
in the New Fork, particularly to the north of the Washakie Basin 
in the region of the Oregon Buttes and Cyclone Rim. Although this 
in no way disturbs the probable contemporaneity of the two sets 
of beds, at least so far as their relation with the Tipton tongue is 
concerned, it may be noted that New Fork sequence as exposed in 
the type area is scarcely more than a remnant near its basinward 
periphery, where it interfingers with the Wilkins Peak. Most of its 
faunal remains were recovered in the lower part, no great distance 
above the Tipton (Fontenelle) tongue, except for Bathyopsis, which 
was discovered several miles farther south on Alkali Creek and 
possibly a little higher in the section. 

Investigation, furthermore, of the particular field occurrences of 
Trogosus?, sp., and the brontotheriid, near Palaeosyops? fontinalis 
(earlier listed as Eotitanops, sp.), discloses that both were found in 
sec. 4, T. 15 N., R. 93 W. This is evidently locality 1 on Morris’s 
map (1954, p. 198) and clearly high in the section, as it is near the 
contact with the overlying Laney shale. Both also have been found 
in beds mapped as belonging to the Cathedral Bluffs tongue in the 
Continental Divide Basin farther to the north. The Trogosus occur- 
rence reported by Nace (1939, pp. 17, 26-27) was described as 
occurring 75 feet below the top of the Cathedral Bluffs tongue in 
the northwest part of T. 26 N., R. 98 W. The brontotheriid near 
Palaeosyops? fontinalis was found by me very near the top of the 
red beds in the Oregon Buttes area, immediately to the southwest of 
the Continental Peak at the north margin of Sweetwater County. 
The significance of the brontotheriid occurrences is discussed in the 
systematic section of this paper. The implication that a “Bridger A” 
level is represented is probably meaningless. The Palaeosyops? 
fontinalis type may well have been found in a sandy lens of the 
Wilkins Peak member. Robinson (MS.) has shown that the Huer- 
fano B fauna, which includes Palaeosyops? fontinalis, is associated 
with a Lost Cabin fauna rather than one truly Bridgerian. 

It is now evident that Trogosus was not actually in association with 
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Esthonyx in the Cathedral Bluffs, but the gap between them in their 
stages of development seems too great for direct continuity in the 
time permitted. Palaeosyops? fontinalis, on the other hand, is scarcely 
more than a large Eotitanops. 

Oregon Buttes——In addition to the brontotheriid, near Palaeo- 
syops? fontinalis, and Trogosus discussed in the above section on 
the Cathedral Bluffs, remains of Notharctus, Hyrachyus, and a 
tapiroid which has been thought to represent Heptodon have been 
found in the northwestern part of the Continental Divide Basin, in 
the general area of the Oregon Buttes and Continental Peak. The 
Cathedral Bluffs sequence here beneath the lacustrial zone which 
was mapped as “Morrow Creek” (now Laney) consists essentially 
of a lower red zone and an upper greenish portion. Part of the 
specimens collected by us came from a level at about the color change 
to a few feet higher, but the tapiroid and Notharctus came from red 
beds on the northwest side of Oregon Buttes. These few specimens 
give no clue as to whether the age represented is that of the Lost 
Cabin or Bridger beds. The brontotheriid is a trifle more robust 
than that represented by the Princeton specimen from the Washakie 
basin, and the Heptodon-like tapiroid could be Helaletes. The possi- 
bility that the color change here represents the transition from 
Cathedral Bluffs to Bridger makes interesting speculation, particu- 
larly since the overlying Laney is so attenuated. It should be noted, 
however, that much of the New Fork sequence of undoubted Wa- 
satchian age is essentially greenish with locally reddish zones or lenses. 

Rock Springs uplift—In 1952 1 reported the discovery by Roland 
W. Brown of Meniscotherium robustum and Coryphodon in the 
Knight a few miles southwest of Rock Springs. Since then Henry 
W. Roehler, geologist for the Mountain Fuel and Supply Co. in Rock 
Springs, has discovered a series of small faunules at various horizons 
in the “Hiawatha” member on the west flank of the uplift near here. 
These included representation of horizons from earliest Graybullian 
Eocene to Lostcabinian, with about 930 feet belonging to the Gray Bull 
equivalent. This was reported by McGrew and Roehler in 1960. 
A similar sequence of faunules, represented mostly by small isolated 
teeth, has been found by Roehler on the southeast flank as well, also 
demonstrating earliest Wasatchian to Lost Cabin time. The lowest 
faunules here are in beds that strike to the southwest from the Bitter 
Creek locality. I am particularly indebted to Mr. Roehler for allowing 
me to study and report on these collections. I look forward to seeing 
publication of his stratigraphic studies. 
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SYSTEMATIC DESCRIPTION OF THE MAMMALIA 
MARSUPIALIA 


DIDELPHIDAE 
PERATHERIUM EDWARDI Gazin 


No additional material belonging to the larger and more certainly 
didelphid of the two species in the La Barge fauna referred to 
Peratherium has been encountered in the Knight. The maxilla and 
jaw representing this species were both found at the Muddy Creek 
locality about 12 miles north of Big Piney. 


PERATHERIUM CHESTERI Gazin 


The type lower jaw of this very small species, together with the 
material of the foregoing form, was discovered at the Muddy Creek 
locality north of Big Piney. There is, however, a minute jaw in the 
Princeton University collections (No. 16116) from the Cathedral 
Bluffs member of the Wasatch to the north of Flat Top Mountain 
in the Washakie Basin that may be marsupial and possibly repre- 
sents this species. Morris (1954), in his study of the Cathedral 
Bluffs fauna, has listed it as Nyctitherium, sp. The preserved tooth, 
as in the La Barge jaw, is the penultimate molar. It is a little smaller 
and relatively shorter than in the type of P. chesteri, but exhibits a 
similar posterointernally directed hypoconulid, much more lingual in 
position than in materials that have been referred to Nyctitherium, 
rather more as in marsupials. Confusion as to the identity of the 
form represented may lie in the appearance of the entoconid, which 
seems very small and close to the hypoconulid, suggestive in this way 
of the South American monodelphids although the paraconid and 
anteroexternal cingulum are not so importantly extended. Examina- 
tion under X 48 magnification, however, reveals an irregularly pitted 
area forward from the hypoconulid, indicating that the greater part 
of the entoconid may be missing through damage, possibly modified 
by wear. A better forward development of the entoconid strengthens 
the suggestion of didelphid affinity. The lower jaw is a little less 
robust and of slightly less depth than in the type of P. chesteri. 
Neither are sufficiently preserved posteriorward to show the nature 
of the angle. 

PERATHERIUM MORRISI, new species 
(Plate 1, figure 1) 

Type.—Right ramus of mandible with two molars, P.U. No. 16115. 

Horizon and locality.—Cathedral Bluffs member, north of Flat Top 
Mountain, sec. 4, T. 115 N., R. 93 W., Washakie Basin, Wyoming. 
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Description—Intermediate in size between Peratherium chestert 
and Peratherium edwardi, but closer to the latter. Talonid basin of 
lower molars relatively a little shorter and entoconid less developed 
than in P. edwardi. 

Discussion —The specimen designated as the type of P. morrist 
was listed by Morris as Peratherium, cf. P. marsupium. The teeth 
are decidedly smaller than in any of the Bridger P. marsupium ma- 
terial in the National Museum collections and, as in comparison with 
P. edwardi, the talonid appears relatively shorter. The possibility of 
the Cathedral Bluffs specimen representing the Bridger species P. 
marsupium seems very questionable. 


INSECTIVORA 
VEPTicripAr 
DIACODON, cf. ALTICUSPIS Cope 


The Princeton specimen of Diacodon, No. 16171, was cited (1952) 
as coming from about 100 feet below the Green River beds in the 
vicinity of Fossil Butte in the Fossil Basin. While the Knight here 
is regarded as Lysite in age, there remains a possibility that the 
lowest of these, as west of Elk Mountain, may be Gray Bull in age. 
There is, however, no faunal evidence to show this. No additional 
material that may be referred to Diacodon, cf. alticuspis, has been 
encountered. 


PALAEICTOPS, cf. TAURI-CINEREI (Jepsen) 
(Plate 1, figure 5) 


A portion of a right maxilla with the three molars, U.S.N.M. No. 
22122, from the lower Wasatchian horizon at Bitter Creek may well 
belong to the Gray Bull species Palaeictops tauri-cineret of the 
Bighorn Basin. The teeth correspond closely in size to those of 
Jepsen’s species, and their structure seems almost identical to that 
in the type specimen, rather less like Palaeictops bicuspis (Cope). 
In the absence of known upper teeth of Palaeictops pineyensis, no 
comparison with the later Lostcabinian form is feasible, other than 
to note that the teeth are a little smaller than would be appropriate 
for good occlusion. 


PALAEICTOPS PINEYENSIS (Gazin) 


(Plate 1, figure 4) 


A small jaw fragment with only P; preserved, U.S.N.M. No. 
22123, and a maxilla with M., U.S.N.M. No. 22444, were collected 
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since 1952 from the same locality, 12 miles north of Big Piney, as 
the type of Palaeictops pineyensis. P; is much longer and exhibits 
a small anterior, conical cuspule, rather better defined than in P. 
tauri-cinerei, but not as highly placed on the primary cusp as in Lost 
Cabin Parictops multicuspis. The cuspule on the posterior slope of 
the primary cusp is also conical and well defined, possibly better 
developed than the posterior or talonid cusp which has been nearly 
obliterated by wear. 


LEPTICTID?, genus and species undetermined 


An isolated lower molar from low in the Knight to the east of 
Steamboat Mountain might be M, of a leptictid. It is a slender tooth 
with an elongated trigonid portion, but rather unlike Diacodon or 
Palaeictops. 

A small jaw in the University of California collection from the 
Dad locality, No. 43759, exhibits the greater portion of the last two 
molars. It is much smaller than the foregoing and may be leptictid 
or possibly nyctitheriid, although resemblance to Bridger forms of the 
latter seems remote. Damage to critical portions of the teeth leaves 
much to be desired in attempting a detailed study. 


ERINACEIDAE? 
Cf. ENTOMOLESTES, sp. 


Isolated teeth that compare very closely with some illustrated by 
McKenna (10960, figs. 25c, 26) were found by Henry Roehler at 
various levels in the Knight sequence around the Rock Springs uplift. 
One upper molar is from west of Rock Springs at a level about 1,195 
feet below the Tipton tongue. Roehler considers this to be about 
Graybullian in age. Another upper tooth found to the southwest of 
Rock Springs at about 751 feet below this tongue of Green River may 
be Lysitean although there seems to be no certain evidence of this. 
A lower jaw fragment with M3, which he found above the base of the 
Tipton tongue on Table Rock to the East of the Rock Springs 
uplift, is surely Lostcabinian in age. 

McKenna (1960, p. 58) has included Entomolestes in the family 
Amphilemuridae, which he regards as insectivore. While this ar- 
rangement may be entirely correct, I understand that these and 
related forms are currently under study by Robinson and by 
McKenna, so that, until these studies are completed, I have tenta- 
tively used the classification employed by Simpson (1945, p. 49). 
Attention should perhaps be called here to an oversight in Simpson’s 
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citation, in which it is indicated that Entomolestes is only lower 
Eocene in age. This should have included middle Eocene as well, 
which is the age of the type species. 


PANTOLESTIDAE 
AMARAMNIS,?? new genus 

Type.—Amaramnts gregoryi, new species. 

Generic characters——Resembling Palaeosinopa but lower molars 
much more slender, and anteroposteriorly elongate trigonids of M, 
and M; exhibit more acute anteroexternal angle between paraconid 
and anterior crest from protoconid. Paraconid more closely joined 
to metaconid. Talonid basin shallower, cusps less elevated and an- 
terior crest from hypoconid less oblique. 


AMARAMNIS GREGORYI,? new species 
(Plate 1, figure 2) 

Type.—Left ramus of mandible with M.-M;, Y.P.M. No. 14702. 

Horizon and locality—Lowest beds of Knight member, Gray 
Bull (Sand Coulee) equivalent, 14 miles south of Bitter Creek 
Station, Sweetwater County, Wyo. 

Specific characters——Size near Gray Bull Palaeosinopa lutreola 
Matthew. Specific characters not otherwise distinguished from those 
cited for the genus. 

Description—Amaramnis gregoryi is represented only by the type 
lower jaw, but the peculiarities of the two preserved lower molars 
readily distinguish it. Although the molars are about the length of 
those in the type (A.M. No. 15100) of Palaeosinopa lutreola, their 
width is very much less. Perhaps the most noticeable feature of the 
teeth is the decidedly pentacodontine character of the trigonid por- 
tion. The anteroposteriorly elongate trigonid shows a very sharp 
flexure of the paraconid from the anterior crest of the protoconid, 
much as in Pentacodon and Coriphagus, more acute than in Palaeo- 
sinopa. The cusp arrangement of the talonid, however, more closely 
resembles that of Palaeosinopa and Pantolestes with the prominently 
developed hypoconulid. The basin of the talonid is relatively shal- 
lower than in the forms examined, and the crista obliqua is directed 
more forward, somewhat as in Pantolestes, quite unlike Pentacodon 
and Coriphagus. M; is not reduced as in Pentacodon and Coriphagus 


2a From Latin, amarus, a, bitter, and amnis, small river or stream; with refer- 
ence to Bitter Creek. 

8 Named for Dr. Joseph T. Gregory who graciously permitted me to study the 
Marsh Bitter Creek collection. 
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and the talonid portion is much more elongate as in Palaeosinopa 
and Pantolestes. 


MEASUREMENTS IN MILLIMETERS OF POSTERIOR LOWER MOLARS 
IN SPECIES OF Palaeosinopa AND Amaramnis 


P. lutreola A, gregoryi 
A.M. Y.P.M. 
No. 15100 No. 14702 
ype Type 
M2, anteroposterior diameter: transverse diameter.... 3.4:2.8 BAR23 
Ms, anteroposterior diameter : transverse diameter.... 4.0:2.8° 3.0722 


a Approximate. 
PALAEOSINOPA, cf. DIDELPHOIDES (Cope) 


The lower cheek teeth of the right side, including P.-M; (U.S.N.M. 
No. 22453), associated with fragments of the jaw, undoubtedly of 
Palaeosinopa, were found in the New Fork tongue. The lower 
molars, the first two of which are badly worn so that their length may 
be slightly less than normal, measure 15 mm. This is very near the 
measurement of 15.5 mm. given by Matthew (1918) for a specimen 
of Palaeosinopa didelphoides. 

Comparison of the New Fork specimen with Bridger Pantolestes 
longicaudus shows the two to be rather close. The premolars are a 
little longer and more slender, and on M3, which is the least worn 
molar, the paraconid is higher and more lingual in position than in 
the Bridger specimens observed. 

A single lower molar (U.S.N.M. No. 22251), possibly M2, from 
the Cathedral Bluffs tongue on the east side of the Washakie Basin 
is referred tentatively to Cope’s Lost Cabin species. It is about the 
size of M, in the New Fork specimen and has the dimensions given 
by Matthew (1918, table, p. 590) for this tooth in P. didelphoides. 
It resembles in detail M. in the specimen that he figured (1918, 
fig. 16). Nevertheless, it should be noted that with this very limited 
material there is little that can be observed to distinguish the Ca- 
thedral Bluffs form from Bridger Pantolestes longicaudus. 


MEASUREMENTS IN MILLIMETERS OF TEETH IN LOST CABIN 
AND NEW FORK SPECIMENS oF Palacosinopa 


P. didel- f 
phoides P., cf. didel- 
A.M. phoides 
No. U.S.N.M. 
4804 No. 
Type 22453 
Ps, anteroposterior diameter : transverse diameter.... One 
Ps, anteroposterior diameter: transverse diameter.... 5.4:2.5 
Mu, anteroposterior diameter: transverse diameter.... 5.2:3.4 5.0:3.5 
Ms, anteroposterior diameter: transverse diameter.... 5.5:3.9 5.1: 4.0 


Mz, anteroposterior diameter: transverse diameter.... 6.3: 3.6 5.5:3-2 
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PALAEOSINOPA, sp. 


Several isolated teeth of Palaeosinopa from the Bitter Creek lo- 
cality in both the National Museum and Marsh collection indicate 
a species decidedly smaller than Gray Bull P. veterrima. They are 
only a little smaller than in P. didelphoides, but the type of Cope’s 
species is from the Lost Cabin beds, so that there may be some doubt 
as to its presence in the lowest horizon of the Knight. The isolated 
upper molars from Bitter Creek are relatively much narrower than 
in P. veterrima and show much less development of the cingulum. 
Two lower premolars, Y.P.M. No. 14700, are a little shorter than in 
P. veterrima and much more slender. Matthew cites narrower lower 
molars for P. didelphoides but the dimensions he gives for Mz (1918, 
p- 590) would indicate that this tooth is relatively wider than in 
P. veterrima. The Bitter Creek teeth may well represent a distinct 
species but the materials known are clearly inadequate for diagnosis 
under the circumstances. 


APATEMYIDAE 
APATEMYS HURZELERI,‘ new species 
(Plate 2, figure 7) 


Type.—Right ramus of mandible with I, M2, and the talonid 
portion of M,, U.S.N.M. No. 22386. 

Horizon and locality—La Barge faunal horizon (Lost Cabin 
equivalent), 12 miles north of Big Piney, Sublette County, Wyo. 

Specific characters.—Size appreciably larger than Gray Bull Teil- 
hardella chardini Jepsen, close to Bridger Apatemys bellulus Marsh, 
but molars distinctly narrower. 

Description—Only the type lower jaw of Apatemys hiirzeleri is 
known. Much of the bone is missing but the incisor is complete. 
Also the second molar and the posterior portion of the first are pre- 
served. I am in agreement with McKenna that this form should be 
referred to Apatemys rather than Teilhardella. 

The large lower incisor is decidedly procumbent. Its crown por- 
tion shows enamel on the outer surface and on the lower or anterior 
part of the medial side. Along the outer margin of the concave upper 
surface of the tooth crown the upper margin of the outer enamel 
shows slight or subdued serration. The dorsoventral and transverse 
diameters of this tooth just posterior to the crown, about where the 
tooth would emerge from the alveolus, are 2.5 and 1.4 mm. respec- 


4 Named for Dr. Johannes Hiirzeler in recognition of his work on apatemyids. 
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tively. In the type of Gray Bull Tetlhardella chardini these measure- 
ments, near the same position, are about 2.05 and 1.15 mm. 

The bone of the jaw is broken away anterior to the forward root 
of M,, so that there is no information concerning the roots of Py. 
M, is characterized by a comparatively high crest formed by the 
protoconid and metaconid, but the anterior crest of the trigonid is 
very subdued and the paraconid is decidedly weaker than evident in 
later apatemyids. The talonid basin, moreover, is rather shallow. 
M, is much larger than would have been included in the type of 
T. chardimn’ (P.U. No. 13236). Its anteroposterior and transverse 
measurements are 2.0 and 1.3 mm. respectively. No direct comparison 
with this earlier apatemyid is feasible as only P, and Mz are pre- 
served in the Princeton specimen. Nevertheless, the combined length 
of M, and M, as measured at the alveoli can be compared, and in 
T. chardini this is 2.7 mm. whereas in A. hiirzeleri it is 3.4 mm. 

A. hiirgeleri is rather close in size to Bridger Apatemys bellulus. 
The incisor has about the same dimensions at the alveolus as in A.M. 
No. 12048 and M,j is about the same length as in A.M. No. 12048 
or as in Marsh’s type, Y.P.M. No. 13513. Its width, however, is very 
much less. Also in A. hiirgeleri the paraconid of M, is distinctly 
lower and weaker, the crest of the talonid in both M, and Mz is 
lower and the outer walls of the teeth do not bulge outward at the 
cingulum so markedly as in the type of A. bellulus. 

The La Barge form is only a little larger than the earlier and 
geographically more remote Teihardella whitakeri. The dimensions 
of Mz given by Simpson (1954, p. 4) are 1.7 and 1.2 mm. for the 
anteroposterior and transverse diameters respectively. Moreover, 
the depth of jaw below M, on the lingual side is given as 3.6 mm. 
This depth in the La Barge specimen is 4.8 mm. 


PRIMATES 
NOTHARCTIDAE 
PELYCODUS, cf. TRIGONODUS Matthew 


Three lower jaw portions and a third upper molar from the Bitter 
Creek locality seem close to the species Pelycodus trigonodus that 
Matthew described from the Gray Bull horizon in the Bighorn 
Basin. The lower molars are indistinguishable from those in Gray 
Bull lower jaws in the National Museum collection referred to this 
species. P, in U.S.N.M. No. 22256, however, seems relatively a little 
larger than noted in the Gray Bull specimens; nevertheless, in Y.P.M. 
No. 14075 the correspondence in the size of this tooth is very close. 
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Fragments of a pair of lower jaws (U.S.N.M. No. 22258) with 
M, and M; from the lower part or Gray Bull horizon of the Knight 
escarpment to the southwest of Elk Mountain in the Fossil Basin 
correspond closely to the above Bitter Creek material and are also 
tentatively referred to P. trigonodus. Possibly isolated teeth from 
the Red Desert locality east of Steamboat Mountain represent the 
same species. Their size is in accordance. 


PELYCODUS, near P. JARROVII (Cope) 


Four jaws and a maxilla from the slopes of Fossil Butte in the 
Fossil Basin nearly all exhibit distinctly larger teeth than in the 
Bitter Creek specimens. These may also represent Pelycodus 
trigonodus but would appear to represent at least a more advanced 
mutant. The larger of these can be closely matched in proportions 
of teeth in Gray Bull materials tentatively identified as Pelycodus 
jarrovii. There may be some doubt, however, as to whether P. jar- 
rovit, originally based on New Mexican material, should be recog- 
nized in Wyoming, but if it is, earlier P. trigonodus may be dis- 
tinguished from it on scarcely more than an arbitrary size range, or, 
as in the case of Bridger Notharctus tenebrosus and Notharctus 
robustior, by an arbitrary stratigraphic limit. It may be further 
noted that the species of Pelycodus represented in the exposures 
around Fossil Butte exceeds in size Notharctus limosus of the La 
Barge fauna, but not N. venticolus. 

The maxilla (U.S.N.M. No. 22259) from the saddle to the north 
of Fossil Butte is rather close in size to the type of P. trigonodus, 
but shows better evidence for a hypocone on the molars. In the latter 
respect it can be closely matched in somewhat larger Bighorn Basin 
specimens referred to P. jarrovit. It is particularly close in both size 
and development of a hypocone crest to A.M. No. 4174 labeled 
“small form of Pelycodus jarrovw”’ from an undetermined level in 
the Bighorn Basin. 


PELYCODUS? PRAETUTUS,' new species 
(Plate 4, figures 2-4) 


Type.—Right ramus of mandible with P; (incomplete)-M2, 
U.S.N.M. No. 22262. 

Horizon and locality—Gray Bull (Sand Coulee) equivalent of 
Knight, 14 miles south of Bitter Creek Station, Sweetwater County, 
Wyo. 


5 From Latin, prae, before, and Cope’s species P. tutus. 
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Specific characters—Much smaller than Pelycodus? tutus Cope, 
but resembles it in most of the following: Lower molars elongated. 
Trigonid decidedly narrow with paraconid well separated from meta- 
conid in both M, and M,. Talonid basin broad, deep, and compara- 
tively smooth. Posterior crest from hypoconid swings down to 
cingulum posterointernally and is separated from the entoconid by 
a deep notch. Entoconid high, relatively conical and forward in 
position. It joins the metaconid by a high, laterally flexed crest. 

Material—In addition to the type (pl. 4, fig. 4) there is a portion 
of the left ramus of a mandible with P.-P, (Y.P.M. No. 14697; 
pl. 4, fig. 2) and a jaw fragment with M; (Y.P.M. No. 14698; pl. 4, 
fig. 3), probably not of the same individual, in Marsh’s collection 
from the Bitter Creek locality. An isolated lower molar, evidently 
M., from the Red Desert locality east of Steamboat Mountain, also 
belongs to this form. 

Discussion—The characters of the lower molars, first noted by 
Cope (1877, p. 141) and later by Matthew (1915c, p. 441) for 
Pelycodus tutus, and here observed in P.? praetutus, are so very 
distinctive in comparison with Gray Bull, Lysite, and other San Jose 
and lower Knight material that there might seem justification in 
recognizing a distinct genus, were it not for the striking variability 
of these features in later Notharctus. While the paraconid seems 
progressively lowered or reduced in much of the material of No- 
tharctus, the talonid largely retains the form seen in Pelycodus 
trigonodus but with the greater isolation of the entoconid from the 
posterior crest, particularly in M2, approaching, although not quite 
reaching, the condition seen in P.? tutus and P.? praetutus as an 
extreme. Nevertheless, typical Pelycodus apparently exhibits greater 
stability in these features and the P.? praetutus—P.? tutus line seems 
rather distinctive in comparison with contemporaries. 


NOTHARCTUS LIMOSUS Gazin 
(Plate 4, figure 5) 


Several additional jaws, maxillae, and isolated teeth belonging to 
Notharctus limosus have been obtained from Knight exposures be- 
neath the Fontenelle tongue in the vicinity of Big Piney and La 
Barge. These do not, however, yield any new information beyond 
that covered in the earlier report. 

A maxilla (P.U. No. 16123) with M?-M3, collected by Morris 
from Knight beds beneath the Tipton tongue near Dad, Wyo., re- 
sembles N. limosus in general form and in the relative width (trans- 
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versely) of the upper molars but is appreciably smaller, being more 
nearly comparable in size to Pelycodus ralstoni. The length of the 
upper molar series in this specimen is 10.8 mm., whereas in NV. lumosus, 
U.S.N.M. No. 19293, the comparable measurement is 12.8 mm. 
Moreover, both the hypocone and mesostyle in the Princeton speci- 
men may be just a little less developed. The precise horizon for this 
specimen is not known; possibly it came from low in the section. 

A maxilla and jaw fragment found by Henry W. Roehler about 
416 feet below the Tipton tongue on the southeast flank of the Rock 
Springs uplift may well represent N. limosus. While P* in the 
maxilla is a little larger than this tooth in the figured specimen 
(1952, pl. 1, fig. 6) of N. limosus, the molars correspond rather 
closely. Moreover, M, in the jaw fragment has a length comparable 
to that in specimens of N. limosus, which is less than in N. nunienus, 
but its relative width seems unusual for either form. 


NOTHARCTUS, cf. NUNIENUS (Cope) 


Various lower jaws and isolated teeth of Notharctus found in the 
New Fork beds are consistently larger than any of the specimens 
representing Notharctus limosus in the La Barge fauna. These may 
well represent the Lost Cabin species N. nunienus. The size of the 
teeth compares very favorably with Cope’s species. 


NOTHARCTUS, cf. VENTICOLUS Osborn 


The material representing the larger species of Notharctus, N., cf. 
venticolus, in the La Barge fauna has been increased by about six 
lower jaw portions and two maxillae. Only one or possibly two jaw 
fragments with single teeth appears to be of the same species in the 
New Fork fauna. However, a lower jaw (U.S.N.M. No. 22254) 
with M, and M, and two isolated molars from the Cathedral Bluffs 
tongue near Flat Top Mountain on the east side of the Washakie 
Basin seem almost identical to certain of the La Barge specimens of 
this form. No. 22254 is only slightly larger than the type of N. 
venticolus. The specimen (P.U. No. 16109) cited by Morris (1954, 
p- 197) as Notharctus, sp., from the Cathedral Bluffs, was cataloged 
in the Princeton collections as Notharctus venticolus. It exhibits an 
M, that can also be closely matched in the La Barge material of 
Notharctus, cf. venticolus, although it is a little smaller than in No. 
22254 from these beds. 


NOTHARCTUS, sp. 


A lower jaw (U.S.N.M. No. 22255) with P;-M,. from beds be- 
lieved to be a part of the Cathedral Bluffs tongue, on the northwest 
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side of Oregon Buttes, is only a little larger than the New Fork 
material referred to N. nunienus, but seems too small for N. venti- 
colus. The teeth can be matched for size in Bridger material of 
Notharctus tenebrosus, and nearly matched in general form of the 
molars, but the identity is rather uncertain and such an assignment 
would be unwarranted. 


OMOMYIDAE 
OMOMYS SHEAI,® new species 
(Plate 2, figures 3 and 4) 


Type.—Right ramus of mandible with M.-M;, U.S.N.M. No. 
22384. 

Horizon and locality—lLa Barge local fauna, Lost Cabin equiva- 
lent, 12 miles north of Big Piney, Sublette County, Wyo. 

Specific characters—Size of lower molars between Gray Bull 
Omomys vespertinus Matthew and Lysite Omomys minutus Loomis. 
Trigonid of lower molars a little less elevated and a little better 
basined than in O. vespertinus. Talonid basin relatively narrower. 

Description—Although intermediate in size between Omomys 
vespertinus and Omomys minutus, Omomys sheat is close to O. ves- 
pertinus and might well fall within the size range of the latter, recall- 
ing the variation in this respect of Bridger Omomys cartert. The 
crowns of the teeth, however, seem to be a little more advanced in 
the direction of Omomys carteri in that the trigonids of the lower 
molars do not appear to be as elevated on the outer sides and their 
apices show a tendency toward distinct basining seen in Bridger 
material. 

A second jaw portion (U.S.N.M. No. 19197; pl. 2, fig. 3) with 
only M;, was questionably referred to Absarokius in 1952 (p. 24). 
The tooth is nearly identical in size to this molar in the type of O. 
sheai and may well represent this species. It differs only in that the 
trigonid is slightly shorter, anteroposteriorly, and the paraconid is 
somewhat weaker and a little more medial in position. 

Loomis’s Omomys minutus (pl. 2, fig. 5) would seem correctly 
allocated to Omomys although nothing is known of the premolars 
of this decidedly small species. The molars exhibit high and deli- 
cate-appearing cusps and the trigonid is rather elevated in comparison 
with the better-known middle Eocene material. Although it has a 
stratigraphic position intermediate between the type of O. vesper- 


6 Named for George Shea of Billings, Mont., who graciously aided in the 
field in 1949. 
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tinus and Knight O. sheai, it does not form an intermediate stage 
between them. It is of further interest to note that the talonid basins 
in the lower molars of all the Wasatchian Omomys materials are 
somewhat elongated, but rather less so than in Bridgerian materials. 
They do not appear, however, to be relatively so short as in upper 
Wasatchian Loveina (pl. 2, fig. 1). The trigonid pattern clearly 
separates O. minutus from Anemorhysis. 


OMOMYS, cf. VESPERTINUS Matthew 
(Plate 5, figure 2) 


A lower jaw fragment with M, and M, in the University of 
Wyoming collection (No. 1647) from the Red Desert locality east 
of Steamboat Mountain is a little larger than Omomys sheai. Mz is 
very much like that in O. sheai, but its length is nearly the same as 
that in Graybullian Omomys vespertinus, which is more nearly 
equivalent in age. The width of the talonid portion of the tooth, 
however, is a little less than in O. vespertinus, and relatively a little 
narrower than in O. sheai, although the difference here is less evi- 
dent. Suggestive of O. vespertinus is the somewhat higher outer 
wall of the lower molars than in O. sheai. 


MEASUREMENTS IN MILLIMETERS OF LOWER MOLARS 
IN WASATCHIAN SPECIES OF Omomys 


O. vespertinus O. minutus O. sheat 
A.M.N.H. A.C.M. U.S.N.M. 
No. No. No. 
16835 3365 22384 
ype Type Type 
Miia Tenet 0 fae. ses cae oe 7.8 5.8 
M1, anteroposterior diameter : 
transverse diameter ............ 2.6: 2.0 ZO. Oe 
Moe, anteroposterior diameter : 
transverse diameter ............ 2.4:2.0 1.9: 1.6 22:18 
Ms, anteroposterior diameter : 
transverse diameter ............ Be Re ed 22 :-1.3 2.6:1.5 


® Approximate. 


CHLORORHYSIS KNIGHTENSIS Gazin 
(Plate 2, figure 2; plate 12, figure 10) 


This interesting omomyid in the La Barge fauna was described in 
1958 from the anterior portion of a lower jaw exhibiting C-P,, but 
the molars were not then known. It was considered close to Loveina 
but differences in P; and P,, particularly in the absence of a postero- 
internal crest extending from the primary cusp of P3, and in the 
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weaker posterointernal crest and weaker and much lower position of 
the metaconid of P,, as discussed in 1958 (p. 27), seemed to warrant 
separate recognition. 

A lower jaw (U. of C. No. 46705) from the Dad locality, recently 
sent to me by McKenna, surely represents this species. It was found 
about 6.9 miles north of Baggs in a yellow weathering claystone 
approximately 100 feet below the Tipton tongue. P, in this specimen 
is so completely like that in the type of Chlororhysis knightensis that 
I have no hesitancy in referring it to this form. It seems, moreover, 
to demonstrate the characters of the lower molars not previously 
known. 

M, in the Dad specimen (pl. 12, fig. 10) is a little smaller than 
in Loveina zephyri and the posterior wall of the trigonid where it 
is joined by the crista obliqua is simpler and more nearly flat. In 
Loveina the posterior wall of the trigonid is offset and the crista 
obliqua joins it in the deepest part of the indentation. Also, the 
posterior wall lingual to the crista obliqua is more rugose or plicate. 
The talonid basin of M, in Chlororhysis is shallower and the sur- 
rounding crest is smoother with less emphasis on the separate cusps. 
In Loveina the hypoconulid of M, is separated from the nearby 
hypoconid by a notch which is essentially missing in Chlororhysis. 
Moreover, the pair of crests from both the protoconid and hypo- 
conid in Loveina seem to form a sharper V. In Chlororhysis these 
form a more blunt angle or a better U shape. 

The trigonid is damaged in M, of the Dad specimen but the talonid 
exhibits essentially the same broad but shallow basin and compara- 
tively even surrounding crest as in M,. Ms; is about the length of M, 
but noticeably narrower with a rapidly tapering talonid. The trigonid 
portion of Mz; is relatively short anteroposteriorly but exhibits a 
small paraconid in a nearly lingual position. 

A second specimen from La Barge, a jaw fragment with only M, 
(U.S.N.M. No. 22385), had been cataloged as Loveina zephyri but 
it shows a much closer correspondence to the M, in the Dad speci- 
men of Chlororhysis knightensis. It seems advisable at this point, 
in view of the rarity of Loveina zephyri specimens, to note that the 
Lost Cabin lower jaw, U.S.N.M. No. 18439, described by White 
(1952, p. 193) as belonging to L. zephyri, is undoubtedly of Absaro- 
kius noctivagus, so that the information there furnished regarding 
posterior molars does not apply to Simpson’s species. 

It is of further interest to note that although Chlororhysis is near 
Loveina, which seems rather typically omomyid, the differences 
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from it, though not great, are rather generally toward the anapho- 
morphids, somewhat suggestive of Absarokius in the character of P, 
although this tooth is not nearly so enlarged. This would seem to 
add another instance to the maze of developmental trends that tend 
to complicate taxonomy, emphasizing its arbitrary nature, particularly 
noticeable in the Primate order. 


MEASUREMENTS IN MILLIMETERS OF LOWER TEETH IN 
Chlororhysis knightensis 


U.S.N.M. 
U.S.N.M. No. iW snofC; 
No. 21901 No. 
22385 Type 46705 
C, anteroposterior diameter at 
CIN GUL Hace ae cers esis eee ee es Tar 
Ps, anteroposterior diameter : 
transverse diameter .......000% P310.0 
Ps, anteroposterior diameter : 
transverse diameter ..........:. 1850.4 
P,, anteroposterior diameter : 
transverse diameter ............ 20a 2.0:1.8 
Mz, anteroposterior diameter : 
transverse diameter |e 5a.4. ces 2 417 22T7 
Mz, anteroposterior diameter : 
transverse diameter ............ Pe Wann ey) 
Ms, anteroposterior diameter : 
transverse diameter ............ 2.4:1.5 
8 Approximate. 
ANAPTOMORPHIDAE 


ANEMORHYSIS SUBLETTENSIS (Gazin) 
(Plate 3, figure 1) 


Following description of Anemorhysis sublettensis (1952, p. 24) 
as a possible form of Paratetonius, it was realized that the type of 
Paratetonius, P. steini, was not distinct from Tetonius homunculus. 
As a consequence the name Anemorhysis was proposed (1958, p. 25) 
for the La Barge form and to this genus was allocated the Lysite 
species “Tetonius” musculus Matthew (pl. 3, fig. 2). No new ma- 
terial of A. sublettensis has come to light but specimens representing 
a form that may be closely related were found in the lowermost beds 
of the Knight near Bitter Creck. These are described below. 


TETONOIDES,’ new genus 


Type.—Tetonoides pearcei, new species. 
Generic characters ——Resembling Tetonius but P, relatively much 


7 From its resemblance to Tetonius. 
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smaller and lower crowned, with much better-developed paraconid 
and metaconid, better-defined talonid and well-defined external cingu- 
lum. Lower molars Tetonius-like but labial wall with a relatively 
much shorter slope and a well-developed cingulum. Apex of trigonid 
in lower molars transversely narrower and less compressed antero- 
posteriorly than in Anemorhysis. 


TETONOIDES PEARCEI,’ new species 
(Plate 3, figures 3-5; plate 5, figure 1) 


Type.—Right ramus of mandible with P;-M2, U.S.N.M. No. 22426. 

Horizon and locality—Lowest beds of Knight member, Gray 
Bull (Sand Coulee) equivalent, 14 miles south of Bitter Creek Sta- 
tion, Sweetwater County, Wyo. 

Specific characters.—Size of teeth very close to those of “Tetonius” 
tenuiculus Jepsen, but paraconid and metaconid of Mz and Ms; dis- 
tinctly closer together, and anterior crest from protoconid on these 
teeth with greater anteroexternal deflection. 

Material—In addition to the type (pl. 5, fig. 1), which includes 
the posterior premolars as well as the anterior molars, there are two 
jaws that exhibit all three molars (U.S.N.M. No. 22382, see pl. 3, 
fig. 4; and U.S.N.M. No. 22799), a jaw with only M, but exhibiting 
the anterior alveoli (U.S.N.M. No. 22383, see pl. 3, fig. 3), and a 
jaw portion with P; and Py (Y.P.M. No. 14084, see pl. 3, fig. 5) and 

the more forward alveoli. All of these except for No. 22799 were 
- found at the Bitter Creek locality. No. 22799 was collected by Henry 
W. Roehler from a level 1,126 feet below the Tipton tongue on the 
west side of the Rock Springs uplift, in association with Haplomylus. 

Among the Gray Bull materials with which comparisons were made 
are three lower jaws that beyond doubt represent Jepsen’s “Tetonius’’ 
tenuiculus which I am here referring to Tetonoides. One of these, 
A.M. No. 15066 with P,-M, (pl. 3, fig. 6), questionably referred by 
Matthew to “Tetonius’ musculus, is, as Jepson’s type, from low in 
the Gray Bull. A specimen in the National Museum, U.S.N.M. 
No. 19154 (pl. 3, fig. 7), with M, and M; from Elk Creek, also may 
well be from low in the Gray Bull but this is uncertain. A third lower 
jaw was recently observed in the collections at Princeton University. 
The molars in these jaws bear a strong resemblance to those in 
Tetonius homunculus, but with the differences noted above, and are 
of a size to occlude well with the type upper teeth of Tetonoides 
tenuiculus. Additional correspondence with the type of T. tenuiculus 


8 Named for Franklin L. Pearce who aided me on so many field expeditions. 
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is seen in the relatively smaller fourth premolar than in Tetonius 
homunculus. 

Description—The formula for the lower dentition of Tetonoides 
pearcei is 3, t, 3% x The anterior incisor is enlarged but moderately 
erect, as in T. homunculus, and the second of the two incisors is 
small with its elongate root posterolateral to the other. The canine 
alveolus is of moderate size with a more nearly circular outline than 
the others. An alveolus for a P, is only a little smaller than that of 
the canine in the type and in Y.P.M. No. 14084, but anteroposteriorly 
more flattened in U.S.N.M. No. 22383. The presence of Pz in T. 
pearcei is a rather primitive feature in comparison with Tetonius ho- 
munculus, as itis for anaptomorphids in general, and may well be sus- 
pected for T. tenuiculus also, although none of the known lower jaws 
of the latter is sufficiently complete to determine this feature. Larger 
T. homunculus with its relatively larger P, shows no evidence of a 
P,. P3 in T. pearcei is two-rooted and only a little smaller than Py. 
It lacks the metaconid seen on P,, and the small paraconid is not de- 
flected inward as in Py. P, has the relatively very small size charac- 
terizing T. tenuiculus, but the outer wall at the cingulum is a little 
longer anteroposteriorly. The paraconid appears a little higher on P, 
and the metaconid lower and perhaps less developed than in T. tenwicu- 
lus, as represented by A.M. No. 15066. The talonid of Ps is much 
alike in the two species. It is of further interest to note that the ex- 
ternal cingulum of Py, and of the lower molars as well, is better de- 
veloped in both T. pearcei and T. tenwiculus than in T. homunculus. 
Usually P, and M, in T. homunculus, with their vertically more 
elongate outer wall, show little or no evidence of the external shelflike 
cingulum conspicuous in the smaller form. 

Although the lower jaws of Tetonoides pearcet and T. tenuiculus 
are alike in certain details, including size, in which they differ from 
T. homunculus, the molar trigonids (M, and M3) appear to be sig- 
nificantly different between the two smaller species. While the inner 
and outer walls of the crowns converge upward, almost as noticeably 
as in T. homunculus, so that the apex of the trigonid is relatively nar- 
row—in comparison, for example, with Anemorhysis sublettensis— 
the paraconid in T. pearcei is rather closer to the metaconid than it 
is in T. tenuiculus. In this respect the crown resembles Anemorhysis. 
Also it was noted that the crest from the protoconid in the posterior 
lower molars makes a more pronounced anteroexternal deflection as 
it extends from the protoconid to the anterior margin of the paraconid. 
This condition, together with the shorter distance between the apices 
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of the paraconid and metaconid, gives the trigonid a somewhat less 
triangular appearance than in T. tenuiculus. 

Were it not for the more noticeable upward convergence of the in- 
ner and outer walls of the lower molars, T. pearcei might well have 
been referred to Anemorhysis. A. sublettensts, a slightly smaller form, 
otherwise shows a shorter and broader trigonid and a relatively 
longer talonid. Anteroposterior development of the talonid also char- 
acterizes P, in A. sublettensis. Ms; in Anemorhysis muscula is very 
close in size to this tooth in T. pearcei (U.S.N.M. Nos. 22382 and 
22799), and although Ms; is not known in A. sublettensis, the antero- 
posteriorly shorter trigonid and slightly more erect outer wall of the 
protoconid strongly suggest that A. muscula is more properly re- 
ferred to Anemorhysis than to Tetonoides. I strongly suspect that 
Tetonoides is close to the line of development for Anemorhysis. 


MEASUREMENTS IN MILLIMETERS OF LOWER TEETH OF 
Tetonoides pearcei AND Tetonoides tenuiculus 


T. pearcet T. tenutculus 
Y.P.M. U.S.N.M. U.S.N.M. A.M. U.S.N.M. 
0. No. No. No. No. 
14084 22382 22383 15066 19154 
PeeRa\ (at alveoli)... « <i0<.d6,0 0 28 2.7 
M:-Ms, inclusive ........... 5.4 
Ps, anteroposterior diameter : 
transverse diameter ..... ig} S 1) 
P,, anteroposterior diameter : 
transverse diameter ..... 135 p13 shal Sa tyel 
M,, anteroposterior diameter : 
transverse diameter ..... 1.855:5 1.8: 1.6 
Mz, anteroposterior diameter : 
transverse diameter ..... 7 fo Peer G S Lecl7 (i701 
Ms, anteroposterior diameter : 
transverse diameter ..... 2220:4 21.5/0-3 


ABSAROKIUS, near A. ABBOTTI (Loomis) 
(Plate 5, figure 3) 


A lower jaw from the Red Desert area, that McGrew assures me 
is from the Gray Bull level, is found to represent Absarokius rather 
than Tetonius. The specimen (U. of Wyo. No. 1644, see pl. 5, 
fig. 3), collected by Henry W. Roehler in SW4NE3 sec. 10, T. 24 N., 
R. 100 W., includes P3-M; and exhibits all the alveoli anterior to Ps. 
The molar teeth are relatively small but can be matched in a particu- 
larly small specimen of A. abbotti (A.M. No. 14672) from the Lysite, 
but P, in the Red Desert specimen is a little larger. The relatively 
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larger size of P, is rather suggestive of Lost Cabin Absarokius 
noctivagus. This combination of characters indicates, if the horizon 
is correctly recorded, that the development of P, may be rather 
variable and not so orderly with respect to horizons of Wasatchian 
time. 

The University of Wyoming specimen has two incisor alveoli, the 
first of which may be a trifle larger and more nearly circular in out- 
line than the second. The canine alveolus is distinctly larger than that 
for the second incisor but evidently no greater is size than that for the 
anterior root of P;. None of these are comparable to that for the 
enlarged anterior tooth in Tetonius. Between the canine alveolus and 
the anterior root of Ps there may possibly be an extremely flattened 
alveolus for a Ps, only slightly narrower transversely than that for the 
canine. P; would appear from outside the jaw to have two well-defined 
roots. 


MEASUREMENTS IN MILLIMETERS OF TEETH IN LOWER JAW OF 
Absarokius, near A. abbotti, u. oF wyo. No. 1644 


Mi-Ms, lenatin obs lower mOlatss cw. cetera sies osie'eres 2:06 ciate as oe atin 6.1 

Ps, anteroposterior diameter: transverse diameter at cingulum...... TSS 
Ps, anteroposterior diameter: transverse diameter at cingulum...... 2.4:22.5 
M;, anteroposterior diameter: transverse diameter at cingulum...... 2.3:1.8 
Mz, anteroposterior diameter: transverse diameter at cingulum...... 2.021127, 
Ms, anteroposterior diameter: transverse diameter at cingulum...... 20 tA 


ABSAROKIUS NOCTIVAGUS Matthew 
(Plate 4, figure 1) 


Among the more recently acquired materials representing Ab- 
sarokius noctivagus is a maxilla (U.S.N.M. No. 22264) with 
P’-M® from the locality 12 miles north of Big Piney. P?, a very 
small, peglike tooth, was present in maxilla when found, but unfortu- 
nately it has since been lost. P*, much smaller than P*, is seen to be 
three-rooted with a prominent deuterocone and the talon is somewhat 
expanded posteriorly, almost as in P*. This specimen, as well as the 
immature lower jaw previously described (1952, p. 24), was dis- 
cussed in 1958 (pp. 73-74) in connection with the possible dental 
formula characterizing anaptomorphids. The lower jaw was illus- 
trated in 1958 (pl. 14, fig. 8), whereas a drawing of the upper denti- 
tion is included here (pl. 4, fig. 1). 


ABSAROKIUS WITTERI Morris 


The Cathedral Bluffs species described by Morris is clearly larger 
and with a more inflated-appearing P, than in Absarokius noctivagus. 
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Also, as Morris has pointed out, the molar talonid basins are more 
strongly crenulated. Only the type specimen, a lower jaw (P.U. 
No. 14972), has been discovered. The three species A. abbotti, A. noc- 
tivagus, and A. witteri would seem to present a gradational sequence 
characterized principally by the development of Py, except for the 
rather unusual specimen from the early Wasatchian of the Red Desert. 


UINTASOREX, cf. PARVULUS Matthew 
(Plate 5, figure 4) 


A minute jaw fragment with M, and M; (U. of Wyo. No. 1646), 
lent to me by Paul McGrew, is described as coming from a locality 
of Lost Cabin age in the Red Desert region. The specimen cor- 
responds well in size with the type of Uintasorex parvulus (A.M. 
No. 12052) although the same teeth are not included. It is about in- 
termediate in size of the posterior molars between the Yale specimen 
(No. 13519) and jaw portions from the “Upper Fossiliferous Hort- 
zon” of the Green River at the Powder Springs locality in the Uinta 
Basin. Correspondence to Uintasorex is seen in the anteroposteriorly 
abbreviated trigonid, the large Omomys-like talonid and the distinc- 
tive Cynodontomys-like notch between the entoconid and closely ad- 
jacent hypoconulid of M,. It resembles the Green River material 
somewhat more than the Yale Bridger specimen in the less constricted 
and less projecting hypoconulid of M3, but perhaps differs from both 
in less evidence of an external cingulum on the two molars. 

This form is clearly related to, but much smaller than, McKenna’s 
(1960) Niptomomys doreenae from the Four Mile fauna, although the 
latter has relatively wider talonid basins. A somewhat closer cor- 
respondence is seen to the specimen described as Cf. Niptomomys 
doreenae in the less widely expanded talonid basins and in the ap- 
pearance of the cingulum, but differs from it in that Cf. Niptomomys 
doreenae, though smaller than the Four Mile type, is somewhat larger 
than the Red Desert specimen and shows a more discernable, lingually 
placed paraconid on both of the molars, which, incidentally, look very 
much alike. 


PHENACOLEMURIDAE 
PHENACOLEMUR, cf. PRAECOX Matthew 
(Plate 2, figure 6) 


Phenacolemur is so far represented in the Knight only in the Bitter 
Creek fauna. A single specimen (Y.P.M. No. 14062), a lower jaw 
portion with M, and the posterior crest of the talonid of M,, is pre- 
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served. Some of the bone is missing along the lower part of the jaw, 
exposing the root portion of the enlarged incisor. The jaw is rather 
close in size to contemporary material of Phenacolemur praecox from 
the Bighorn Basin and may be tentatively referred to this species. It 
does, however, show differences worthy of comment. The trigonid 
of M, seems a little narrower and the protoconid and metaconid are 
more conical and less developed as a transverse crest. Also, the 
talonid basin is slightly longer and shallower, and there is less of a 
notch anterior to the entoconid. Although these and certain other re- 
lated features seem rather important, there would appear from Simp- 
son’s discussion (1955) to be considerable variation in Gray Bull 
materials included in P. praecox. Should it be demonstrated, how- 
ever, that the distinctive features of the Bitter Creek specimen were 
persistent in a larger sample, their significance might be on a generic 
level. 


MIXODECTIDAE 
CYNODONTOMYS ANGUSTIDENS Matthew 
(Plate 1, figure 6) 

Cynodontomys material from the lower part of the Knight mem- 
ber near Bitter Creek Station includes a maxilla with M* and M? 
(U.S.N.M. No. 22121) and a lower jaw with M, and M, (U.S.N.M. 
No. 22446) collected by Smithsonian Institution parties and, in addi- 
tion to a couple of isolated teeth, a lower jaw with P3-M; (Y.P.M. 
No. 14696) collected by Marsh’s party. These specimens seem almost 
certainly to be of Cynodontomys angustidens described by Matthew 
on Gray Bull Material. 

The upper molars in U.S.N.M. No. 22121 (pl. 1, fig. 6) lack the 
mesostyle seen in later species, although the external cingulum rises 
slightly at about this position. M1 is very much like that in the speci- 
men of C. angustidens figured by Matthew (1915¢, p. 477, fig. 48) 
but is somewhat smaller and exhibits a slightly weaker hypocone. 

The fourth premolar of the lower series in the Yale specimen is 
a little broader than in the type of C. angustidens and shows a mod- 
erately well-developed metaconid that is rather close to the protoconid 
and not as high. It is, however, a little higher and more widely sepa- 
rated from the protoconid than in the type. The talonid of P, has a 
decidedly narrow basin but exhibits a distinct hypoconid and en- 
toconid. There appears, however, to be no evidence for a hypoconulid. 
The lower teeth in Y.P.M. No. 14696 are distinctly smaller than in 
the type of Cynodontomys latidens and the metaconid of Py is not 
as large and upstanding. 
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An isolated M; from north of Tipton Butte corresponds closely in 
size to the above material and suggests that the beds in that area may 
be relatively low in the Knight. 


CYNODONTOMYS KNIGHTENSIS Gazin 
(Plate 1, figure 7) 


In addition to 11 lower jaws, 4 maxillae have been added to the 
collection representing Cynodontomys knightensis in the La Barge 
fauna. These were obtained in 1953, 1954, and 1959, all from the 
Muddy Creek locality 12 miles north of Big Piney, Wyo. Two of 
the maxillae, U.S.N.M. Nos. 22106 (pl. 1, fig. 7) and 22107, include 
P4-M* complete. P*, though smaller than in C. scottianus, exhibits a 
slightly more constricted lingual portion than shown in the specimen 
figured by Matthew (1915c, p. 472, fig. 42). This tooth, however, 
shows much less disparity in size and possibly a better separation of 
the primary cusp and tritocone (paracone and metacone) than in 
C. latidens. The molars, moreover, exhibit a conspicuous mesostyle 
and the hypocone on M? and particularly M? is well developed. 


CYNODONTOMYS SCOTTIANUS (Cope) 
(Plate 1, figure 8) 


Five lower jaws, together with portions of both maxillae of a 
sixth individual, have been found in the New Fork beds to the east 
of Big Piney, Wyo. The teeth in all these are fully as large as in 
typical Cynodoniomys scottianus of the Lost Cabin beds, distinctly 
larger than in Cynodontomys knightensis, which occurs beneath the 
Green River tongue separating the two horizons in this area. 

The maxillae above referred to (U.S.N.M. No. 22117; pl. 1, fig. 8) 
include P1-P* on one side, as well as M?, and P*#-M® on the other. 
P! and P? are simple, nearly equal teeth with partially divided roots. 
P’ is a triangular, three-rooted tooth with a very small deuterocone 
and no tritocone. The latter may not be significant however, because, 
although Matthew (1915c, p. 474, fig. 44) shows the tritocone on 
P? of a specimen of Cynodontomys latidens, it is not invariably pres- 
ent in Bridger Microsyops. P* is comparable in size with M? but 
shows a noticeably longer labial portion and a relatively narrower 
lingual portion than illustrated by Matthew (1915¢, p. 472, fig. 42). 
This tooth is much like that in earlier C. knightensis but with a rela- 
tively more robust primary cusp. The upper molars in U.S.N.M. 
No. 22117 are a little larger than in observed Lost Cabin material of 
C. scottianus, except for a specimen in the American Museum col- 
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lections (A.M. No. 2969) labeled “C. scottianus but a little larger,” 
and the hypocone is noticeably weaker. The hypocone, particularly 
that of Mo, is much weaker than in Cynodontomys knightensis. 

The New Fork jaw material referred to Cynodontomys scottianus 
is comparatively robust and P, relatively large, particularly in the 
breadth of this tooth in two individuals. In comparison with Cyno- 
dontomys knightensis, Ps is large but with an actually smaller talonid. 
The trigonid portion of P, appears more robust and with relatively 
greater anteroposterior development than in the earlier species. The 
metaconid is more posterior relative to the protoconid than is usual 
in C. knightensis; moreover, the talonid of this tooth is highly varia- 
ble and shows a cusp arrangement that does not so nearly conform 
to that of the molars. The New Fork species is evidently much 
smaller than Cynodontomys lundeliusi White. 


CYNODONTOMYS, sp. 


The lower jaw from Knight Station (A.M. No. 12836), which 
Granger considered as suggesting Lysite, has been labeled Cyno- 
dontomys latidens?. As indicated in 1952, the absence of premolars 
leaves some doubt as to the specific reference. Its size, however, is 
about right for that species. 


TILLODONTIA 


ESTHONYCHIDAE 
ESTHONYX, cf. BISULCATUS Cope 


Isolated upper teeth of Esthonyx, which may be referred to E. bisul- 
catus, were found by George Pipiringos at a locality just to the north 
of Tipton Butte and much farther north at a lower level in the Knight 
east of Steamboat Mountain, A lower molar, collected by our 1954 
expedition from the lowest beds of the Knight exposed to the west 
of Elk Mountain in the Fossil Basin, may also be of this species. 


ESTHONYX, cf. ACUTIDENS Cope 
(Plate 1, figure 3) 


Two more isolated teeth from localities to the south of Big Piney 
have been added to the materials representing the larger species of 
Esthonyx in the La Barge fauna. 
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Additional esthonychid materials from the New Fork member, in- 
cluding a lower jaw (U.S.N.M. No. 22124; pl. 1, fig. 3) with Dp, 
and the first two molars, shows that a somewhat larger variant of 
Esthonyx acutidens than that in the La Barge fauna is represented 
in the New Fork fauna. The lower molars are noticeably high crowned 
and the talonid portions are large, as characteristic of the Lost Cabin 
species. The teeth in No. 22124 are of a size that permits good occlu- 
sion with upper teeth in the rostral portion of a skull from the Lost 
Cabin figured in 1953 (Gazin, p. 26, fig. 8). 


ESTHONYX, sp. 


An upper fourth premolar in the Princeton collection, No. 16129, is 
reported to be from the “Hiawatha” member exposed north of Baggs, 
Wyo., on the east side of the Washakie Basin. It is comparatively 
small for Esthonyx acutidens, smaller than would be expected in the 
Dad local faunule, and the tritocone is rather weakly defined for 
either E. acutidens or E. bisulcatus. The horizon in the “Hiawatha” 
member is not given. Possibly the specimen came from beds as low 
as those worked by McKenna to the south of Baggs. 

No further material of Esthonyx than that mentioned in 1952 was 
found in the type section for the Knight near Knight station. 


TROGOSUS?, cf. LATIDENS (Marsh) 


The last upper molar of the large tillodont Trogosus was recorded 
by Morris (1954, pl. 21, fig. 1) as coming from the Cathedral Bluffs 
member of the Wasatch on the east side of the Washakie Basin, sec. 4, 
T. 15 N., R. 93 W. The tooth was originally identified by me and 
thought to be strong evidence of a Bridgerian age for the Cathedral 
Bluffs beds. An earlier record in which a similar isolated tooth of an 
advanced tillodont, possibly of the same form, collected by Nace 
(1939) in beds regarded as Cathedral Bluffs in the Red Desert region 
to the north, was identified by Simpson as “Tillotherium’” and like- 
wise believed to be Bridgerian. I am now convinced, from the evi- 
dence presented by the associated fauna, that the Cathedral Bluffs 
beds are of Lostcabinian or late Wasatchian age and that Trogosus 
was not restricted to Bridgerian time but evidently appeared earlier, 
although there is no evidence to show that it was actually associated 
in the same horizon with Esthonyx. There would seem to be, how- 
ever, too much difference between these forms in the Cathedral Bluffs 
to postulate evolution in situ. 
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TAENIODONTA 
STYLINODONTIDAE 
ECTOGANUS, sp. 
(Plate 12, figure 7) 


Three lower teeth, including Dp, and portions of two molars, seem 
almost certainly to represent Ectoganus. They were found on an 
exposure of Knight in the Fossil Basin, immediately to the west of 
the saddle which separates Fossil Butte from the Green River capped 
table to the north. The Dp, corresponds very closely to this tooth 
in the type of £. gliriformis, as well as to a Dp,, showing only slightly 
greater wear, in the jaw belonging to the Gray Bull skull (U.S.N.M. 
No. 12714) that I described in 1936. The two molar teeth are in- 
complete but show no wear, so that I suspect they may be M, and 
M; rather than M, and M, as here illustrated (pl. 12, fig. 7). There 
is some suggestion in the height of cusps, distribution of enamel, and 
separation of roots that the teeth may be very slightly higher crowned, 
Dp, as well as the molars, than in the type or in the Gray Bull speci- 
men. It is of further interest to note that the tooth thought to be M; 
shows a slight paraconid and a hypoconulid somewhat as in the teeth 
figured by Wortman (1897, fig. 24) as “Calamodon simplex.’ None 
of the comparatively unworn molars in U.S.N.M. No. 12714 shows 
evidence of a hypoconulid. This is evidently a variable feature. 


Undetermined STYLINODONT 


No further information is forthcoming as to the generic identity 
of the stylinodont skeleton from the locality in the La Barge horizon 
north of Big Piney, described in 1952. It may well be Stylinodon, as 
this genus has been recorded in Lost Cabin beds of the Wind River 
Basin, as well as in the Bridger formation. There is no certainty, 
however, that earlier Ectoganus did not persist as such into later 
Wasatchian time. 


EDEN T At” 
EPOICOTHERIIDAE? 
PENTAPASSALUS PEARCEI Gazin 


There has been no additional material discovered of this small 
armadillolike edentate in the La Barge fauna, although a metacarpal 
of a somewhat longer-toed form in the Bitter Creek fauna is dis- 
cussed below. 
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Undetermined palezanodont edentate 


Dr. Peter Robinson has recently brought to my attention an edentate 
toe bone that he encountered during his curatorial work on the Eocene 
collections at Yale Peabody Museum. It has Marsh’s field No. 888 
and was collected by J. Heisey in 1876 at Bitter Creek. The specimen 
is a third metacarpal from the left foot. The proximal extremity very 
closely resembles that in McIII of Pentapassalus pearcei and has 
about the same diameter. It is, however, about 25 percent longer, 
the shaft appears a little more slender, and the tubercle for the pars 
brevis of the extensor muscle is not nearly so robust. In comparison 
with the forefoot of much larger Metacheiromys dasypus figured by 
Simpson (1931) the dorsal margin of the proximal articular facet 
does not appear to be deflected so far distally on the shaft, and the 
lateral portion of the proximal extremity shows very little surface for 
articulation with the unciform. 


RODENTIA 
PARAMYIDAE 


Most of the paramyid material from the various localties and 
horizons in the Wasatch has been examined by Dr. A. E. Wood, as a 
part of his study of this rodent family, and recognition of the fol- 
lowing genera and species result from identifications he has fur- 
nished me of the better materials. 


PARAMYS EXCAVATUS Loomis 
(Plate 4, figure 8) 


This comparatively small species of Paramys would appear to be 
represented only in the La Barge and lower levels of the Knight. 
Two lower jaws were obtained from the exposures low on the escarp- 
ment to the west and southwest of Elk Mountain in the Fossil Basin 
and one jaw (see pl. 4, fig. 8) came from the Bitter Creek locality. 
A lower jaw in the collection of Miller and Granger shows this 
species is represented in the horizon at Knight Station. Five lower 
jaw portions and a maxilla have been added to the La Barge collec- 
tion, so that the species is now represented by Io specimens in the 
later fauna. 


PARAMYS COPEI Loomis 


Paramys copei is rather well represented in the La Barge fauna 
and two additional jaws and a maxilla have been added to the col- 
lection since 1952. 
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Specimens from the Washakie Basin that I have tentatively re- 
ferred to this species include a left mandibular ramus with M,-Ms, 
U.S.N.M. No. 22419, and an isolated lower molar in the University 
of California collection from the Knight escarpment beneath the 
Tipton tongue between Dad and Baggs, Wyo. There is, moreover, 
a specimen, U.S.N.M. No. 22420, that includes a jaw portion and 
three associated lower teeth from the Cathedral Bluffs on the west 
side of the basin, that may be this species. 


PARAMYS MAJOR Loomis 


A maxilla with P* and M? (U.S.N.M. No. 22414) collected at 
the Muddy Creek locality north of Big Piney in 1954, has teeth of a 
size that indicate that a third specimen now represents large Paramys 
major in the La Barge fauna. Two lower jaws in the Princeton 
collection (Nos. 16106 and 16127), from beneath the Tipton tongue 
south of Dad, are also surely of this species. 

I have not found this species in Knight beds older than Lost 
Cabin, but the New Fork beds above the Fontenelle tongue have 
produced at least five specimens that would appear to be referable to 
it. From the Cathedral Bluffs of the Washakie Basin a single iso- 
lated upper tooth in the Princeton collection corresponds well in size. 


REITHROPARAMYS, sp. 


A single lower jaw with only M, preserved, U.S.N.M. No. 22380, 
from the saddle north of Fossil Butte in the Fossil Basin, is regarded 
by Wood as representing a species of Reithroparamys, near a form 
that he is describing as new in his forthcoming study of the family. 


MICROPARAMYS, sp. 
A lower jaw in the Princeton collection from the Cathedral Bluffs 
beds, U.P. No. 16112, is recognized by Wood as representing this 


genus. Description of the species represented is to appear in his 
report. 


SCIURAVIDAE 
KNIGHTOMYS SENIOR (Gazin) 
(Plate 5, figures 5 and 6) 


The genus Knightomys was proposed (Gazin, 1961) for the 
La Barge species that had originally been described as Tillomys senior 
in 1952. The generic characters may again be summarized as follows: 
Lower cheek teeth anteroposteriorly short, broad across talonid and 
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very low crowned. Cusps low and conical. Talonid basin large but 
very shallow and trigonid basin scarcely discernable. Except for 
posterolophid, the transverse lophs are comparatively weak and ill 
defined. The mesoconid is clearly defined and there is a distinct 
hypoconulid. 

New material of Knightomys senior includes a pair of lower jaws 
(U.S.N.M. No. 22415) with P.-M, on right and M,-M; and a part 
of M, on the left ramus. The upper teeth are not known. P, is narrow 
across the trigonid but was evidently bicuspid. The talonid of this 
tooth has a shallow basin and the entoconid is simple and conical. A 
slight ectolophid and better-defined posterolophid join the hypoconid of 
P, in the type, U.S.N.M. No. 19308, but these are scarcely evident in 
No. 22415. There is no mesoconid on Py. The molar trigonids are 
low and anteroposteriorly short with only the slightest evidence of 
an anterolophid or even a cingulum, and this only on M,. Although 
the teeth in neither of the two preserved specimens are unworn, the 
saddle between the protoconid and metaconid, except for a slight 
depression in M,, shows no evidence of a trigonid basin. The ecto- 
lophid is very weak but the conical mesoconid is distinct. This cusp 
does not have a crest extending lingually. The entoconid is nearly 
conical but does have a weak crest extending a short distance into 
the basin toward the hypoconid, but falls far short of reaching this 
cusp. The hypoconid sends a more distinctive posterolophid postero- 
internally, clearly separated from the entoconid and its weak spur. 
The posterolophid is moderately worn on the specimens at hand but 
there is clear evidence of a distinct hypoconulid. 

Material of Kuightomys senior seems without doubt to be closer 
to Tillomys? parvidens than to any other sciuravid. However, 
comparison with M, in U.S.N.M. No. 17701 of T.? senex from the 
lower Bridger and with the figure of the type of T.? parvidens, 
Y.P.M. No. 13350, given by R. W. Wilson (1938, fig. 12), reveals 
that K. senior has lower-cusped teeth with less development of trans- 
verse lophids. M, is only slightly smaller than in the Bridger material 
at hand, but the trigonid appears less elevated and shorter antero- 
posteriorly. Also, the mesoconid is more nearly conical and the pos- 
terolophid does not project so far lingually. The teeth of Tillomys 
senex, figured by Wilson (1938, fig. 10), seem more remote, as the 
weak spur from the entoconid in K. senior does not reach the hypo- 
conid or the posterolophid as in the American Museum specimen. It 
should be noted, however, that this T. senex specimen shows more 
advanced wear. As observed by Wilson, Tillomys? parvidens, and I 
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might add Knightomys senior, shows a development between para- 
myids and typical sciuravids. The resemblances would seem to be 
toward, for example, the Cathedral Bluffs Microparamys and decid- 
edly away from such forms as Mysops. 


DAWSONOMYS WOODI Gazin 
(Plate 5, figure 7) 


Dawsonomys woodi was proposed (Gazin, 1961) as a new genus 
and species for the La Barge form represented by the lower jaw 
(U.S.N.M. No. 19309) that was cited in 1952 as “Sciuravus, possibly 
S. depressus Loomis.” The generic characters may again be sum- 
marized as follows: Cusps of teeth low, but with metaconid of P, 
high and well forward. Trigonid of M, broad and anteroposteriorly 
compressed, but with small, distinct trigonid basin. Talonid basin 
large and comparatively shallow. Ectolophid low with distinct meso- 
conid. Entoconid low and lophid from entoconid low but well defined 
and joins hypoconid. Posterolophid extends nearly to lingual margin 
and close to but sharply separated from the crest extending buccally 
from the entoconid. 

The species was observed to be appreciably smaller than Sciuravus 
nitidus but diagnostic characters at this level were not otherwise distin- 
guished from those cited as characterizing the genus. 

Direct comparison of the type of Dawsonomys woodi with the 
lower jaw that Loomis cited as a cotype of “Sciuravus’ depressus 
has indicated that they do not represent the same species and clearly 
not the same genus. M, in the Lysite jaw (A.C.M. No. 458, see pl. 5, 
fig. 9) has a much narrower trigonid, a larger talonid basin, and the 
mesoconid is more marginal in position. The most noticeable differ- 
ence, however, is in the lophid from the entoconid which is weaker, 
much closer to the posterolophid, and appears scarcely more than a 
slight bifurcation of the posterolophid at the hypoconulid. In the 
latter respect the Lysite jaw rather resembles M, in the Cathedral 
Bluffs Microparamys jaw (P.U. No. 16112). 

Loomis’s type of “Sciwravus”’ depressus is a skull (A.C.M. 
No. 432) portion with three molars preserved (see pl. 5, fig. 8) and 
while no direct comparison between D. woodi and the upper teeth of 
“S.’ depressus can be made, the pattern of the latter seems surely 
sciuravid rather than paramyid. The crests of the upper teeth are 
subdued, but I note that the metaconulid joins the metaconid, possibly 
somewhat more as in Taxymys than as in Sciuravus. Kelley and 
Wood (1954) have noted that Loomis’s species does not belong to 
Sciuravus. 
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Dawsonomys woodi is a much larger form than Knightomys senior 
and is distinctly more Sciuravus-like, but like K. senior its teeth have 
lower cusps and relatively larger talonid basins than Sciuravus nitidus. 
P, in D. woodi has a well-developed protoconid and metaconid, rather 
widely separated and decidedly oblique in arrangement. The talonid 
has a large but shallower basin than in S. nitidus. There does not 
appear to be a mesoconid on this tooth, but the crest extending buccally 
from the entoconid is somewhat more molarlike than noted in the 
Bridger species. 

Measurements of teeth of Dawsonomys woodi have been included 
with those of Sciuravus wilsont. 


SCIURAVUS WILSONI Gazin 
(Plate 4, figures 6 and 7) 


The type specimen of Sciuravus wilsoni is the right ramus of a 
mandible with Ps-M. (U.S.N.M. No. 22425), found in the New Fork 
horizon on the west side of Alkali Creek, near the center of T. 29 N., 
R. 110 W., in Sublette County, Wyo. The species, described as new 
in 1961, was characterized as being intermediate in size between 
Sciuravus mitidus and Sciuravus bridgeri, close in this respect to 
Dawsonomys woodi of the La Barge fauna. Talonid basins of the 
lower molars are smoother and less complicated than in the Bridger 
forms. No trace of a mesolophid or a crest from the mesoconid was 
noted, and there is little or no evidence of a metastylid. Teeth were 
cited as being in general less progressive in appearance than in 
S. nitidus. 

The size of the teeth in the type of Sciuravus wilsoni is much less 
than in the bulk of the Bridger material referred to Sciuravus nitidus 
but only slightly less than in specimens of the least size included in 
that species. The teeth are, however, significantly larger than in the 
type of Sciuravus bridgert. In details of the tooth crowns S. wilsoni 
makes a much closer approach to Sciuravus nitidus than does earlier 
Dawsonomys woodi. The higher cusps and deeper folding of basins 
and valleys closely resembles that in S. nitidus. The talonid basins, 
however, are uncomplicated, as the mesolophid is lacking, and in the 
type there is no metastylid, features that may be developed to varying 
degrees in the Bridger material. 

In addition to the type lower jaw there is a right maxilla, U.S.N.M. 
No. 22424, with M}-M? somewhat worn, from the same locality. It 
corresponds closely in size for proper occlusion with teeth in the type 
of S. wilson. Although wear has reduced the principal lingual 
cusps to confluent or nearly confluent enamel lakes, the buccal wall 
and cusps are essentially like those in S. nitidus. 
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Several isolated sciuravid teeth from the Cathedral Bluffs (in a 
vial accompanying a Notharctus jaw, P.U. No. 16109) are tentatively 
referred to S. wilson. These are a part of the evidence cited by 
Morris (1954, p. 199) as indicative of a Bridgerian age. Some of the 
lower teeth are a little larger than in the New Fork jaw, and in cer- 
tain of them there is noted a little better evidence for a metastylid. 
Nevertheless, they resemble those in S. wilsoni in having a somewhat 
less progressive appearance than in S. nitidus. An upper molar in 
this assortment of teeth from the Cathedral Bluffs is about the size 
of those in the New Fork maxilla but is much less worn, and it is 
observed that the metaloph is not so deflected anteriorly, resulting in 
a relatively smaller basin between the metaloph and posterior cingulum 
than in S. nitidus. There is, of course, no certainty that the teeth are 
all of the same sciuravid. 


MEASUREMENTS IN MILLIMETERS OF UPPER AND LOWER TEETH IN 
WASATCHIAN SCIURAVIDS * 


“Sciuravus” Sciuravus 
depressus wilsont 
A.C.M. U.S.N.M. 
No. No. 
432 22424 
Type 
WemetG Mes. AMCIISIVE. 2.2 ob cic'g o stclaies oiatic gra ern de 5.4 5.5 
M?, anteroposterior diameter: transverse diameter.... 1.7:1.8 1.7220 
M?, anteroposterior diameter: transverse diameter.... 1.7:1.8 Loca 
M®, anteroposterior diameter: transverse diameter.... 1.9: 1.7 2.0: 2.0 
“Sciuravus” Dawsonomys Sciuravus 
depressus woodi wilsont 
A.C.M. U.S.N.M. U.S.N.M. 
He. No. No. 
45 19309 22425 
“Cotype” Type Type 
Length, Pi-Ms, inclusive............ 5.7 
Ps, anteroposterior diameter : 
transverse diameter ............ 1.9: 1.5 1.9:1.6 
M,, anteroposterior diameter : 
transverse diameter ............ Lignry. 2.0:1.8 2.0:1.8 
Mz, anteroposterior diameter : 
transverse diameter 2). ws... 200 2.13 21.9 


* Measurements of the type of Knightomys senior were given in 1952 (p. 49). 


CARNIVORA 
ARCTOCYONIDAE 


THRYPTACODON, near T. ANTIQUUS Matthew 


No additional material of Thryptacodon, beyond that from the 
La Barge horizon described in 1952, has been encountered in any of 


the Knight horizons. 
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MESON YCHIDAE 
HAPALODECTES COMPRESSUS Matthew 
(Plate 8, figure 6) 


Portions of both rami of a mandible of the rare mesonychid Hapalo- 
dectes compressus were found in the New Fork beds on Alkali Creek 
(Sublette County). The teeth of this specimen, U.S.N.M. No. 22447, 
are somewhat damaged but a sufficient portion of each remains to 
demonstrate their exceedingly slender character. Comparison with 
the type of H. compressus (A.M. No. 12781) from the Lysite shows 
that the New Fork specimen is comparable in length of teeth and in 
the depth and slenderness of the jaw, and would not be confused with 
heavier-jawed Hapalodectes leptognathus. The teeth, if anything, 
are more slender than in the H. compressus type, or even than in the 
Lost Cabin jaw (A.M. No. 14748) that Matthew noted as having more 
slender teeth and a shallower jaw than the type. 


PACHYAENA OSSIFRAGA Cope 


A number of broken pieces of skull and associated jaw and tooth 
portions (U.S.N.M. No. 22449) from the Bitter Creek locality are 
referred to Cope’s New Mexican species Pachyaena ossifraga. Among 
these is the greater part of an upper molar, lacking only the deutero- 
cone, that corresponds remarkably well in size and various other 
details with Cope’s type (U.S.N.M. No. 1096), presumably an M?. 


PACHYAENA GRACILIS Matthew 


About 15 associated teeth (U.S.N.M. No. 22448) of Pachyaena 
were found in the Gray Bull equivalent of the Knight near the base 
of the escarpment west of Elk Mountain in the Fossil Basin. These 
compare very closely in size with various teeth in the type of 
Pachyaena gracilis (A.M. No. 15728) from the Gray Bull beds in the 
Bighorn Basin. Their size, nevertheless, is but little less than in the 
P. ossifraga material. An upper molar, possibly M?, in addition to 
smaller size, shows somewhat less development of the metacone than 
in the type of P. ossifraga. 

An incomplete lower cheek tooth from low on the slope of Fossil 
Butte may also represent P. gracilis. It is, however, rather small and 
somewhat suggestive of earlier Dissacus. 


PACHYAENA?, sp. 


No additional material believed to represent Pachyaena, other than 
the two specimens reported in 1952, has been found in the New Fork 
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beds. Matthew (1915b, pp. 87-88) did not encounter this genus in 
beds later than Gray Bull. although Loomis reported it from later 
beds in the Bighorn Basin. The two lower teeth from the New Fork 
horizon were thought to be of a size appropriate for P. gracilis. They 
could, nevertheless, be referred with equal conviction to P. ossifraga. 


OXYAENIDAE 
OXYAENA, sp. 


Further material of Ozyaena in the collections from the La Barge 
horizon includes a P, and the anterior part of Mz associated 
(U.S.N.M. No. 22450). The premolar is as long as in Oxyaena 
forcipata but both teeth are a little more slender. They are also slightly 
more rugose than in the type material. Comparison with Oxyaena 
pardalis is difficult, inasmuch as the critical talonid portion of the 
molar is not preserved; but size would appear to exclude this Lost 
Cabin species, as well as Patriofelis (Protopsalis) tigrinus, from con- 
sideration. 

The earlier (1952) described specimen of Oxyaena, a first lower 
molar in the Princeton collection (No. 16176) from near La Barge, 
was regarded as more nearly comparable in size to Oxyaena lupina. 
There is no certainty, of course, that the two La Barge specimens 
represent the same species. So far as the other horizons are concerned, 
only an isolated lower premolar from the Bitter Creek locality and 
another from the Dad locality are believed to be Oxyaena. The Bitter 
Creek tooth corresponds very closely in size and other details to P3 in 
the type of Oxyaena lupina, In the absence of other evidence, how- 
ever, recognition of Oxyaena lupina in the Bitter Creek fauna would 
not be warranted. The Dad tooth may be Py, and corresponds well, 
except for a little greater width, with this tooth in Oxryaena forcipata, 
the possibility, however, of its representing Patriofelis should not be 
overlooked. 


AMBLOCTONUS, cf. MAJOR Denison 


To the National Museum materials representing Ambloctonus there 
have been added an M,, with the top of the trigonid missing, and an 
incomplete premolar from the La Barge horizon in the Big Piney 
area. These may well belong to the same species as that represented 
by the Princeton jaw (P.U. No. 14720) described in 1952. A lower 
premolar, probably P,; in the Princeton collection from the Dad lo- 
cality (P.U. No. 16125) seems also to represent Denison’s (1938) 
Lost Cabin species Ambloctonus major. 


oe 


i i 
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LIMNOCYONIDAE 
PROLIMNOCYON ELISABETHAE Gazin 
(Plate 6, figure 6) 


New material of Prolimnocyon elisabethae includes a right maxilla 
(U.S.N.M. No. 22454) with P* and M+ from the Muddy Creek lo- 
cality 12 miles north of Big Piney, in the La Barge horizon. The 
teeth are almost identical to those in U.S.N.M. No. 19348 figured 
in 1952 so that no new information is added. Moreover, Kelley and 
Wood (1954) have referred to this small though advanced species 
a right maxilla with P*-M®* from the Lysite horizon in the Wind River 
Basin. 

No dimensions for the teeth of P. elisabethae were given with the 
original description. These are included in the table of measurements 
accompanying the discussion of the following species. 


PROLIMNOCYON, cf. ANTIQUUS Matthew 
(Plate 6, figure 5) 


A pair of lower jaws, U.S.N.M. No. 22452, much more robust 
and with larger teeth than Prolimnocyon elisabethae were encountered 
in the New Fork horizon of the Wasatch. Both jaws are preserved 
from the canine alveolus to about the masseteric fossa. The left 
ramus included P,-M., whereas the right ramus has preserved only 
P2, Mz, and the heel of M,. The length of the tooth row is about 
the same as in the type of Prolimnocyon antiquus, and like this species, 
as well as P. elisabethae, has a single alveolus for the root of Ms. 
Unlike P. elisabethae, which has a very slender and shallow jaw, 
the depth of the New Fork jaws is even greater than in P. antiquus. 
They are not comparable in this respect, however, to Gray Bull 
Prolimnocyon robustus. The weakness of the parastylid on Py, is 
also more as in Lost Cabin referred material of P. antiquus than as 
in P. elisabethae. M, is more slender than the tooth accompanying 
the type of P. antiquus. Matthew evidently has this accompanying 
tooth shown in the position of M, in the drawing of P. antiquus, but 
I am convinced that this loose tooth does not represent Prolimnocyon 
but belongs to Vulpavus. The talonid portion of Mz is also a little 
more slender than in the preserved portion of this tooth in the type of 
P. antiquus. 
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MEASUREMENTS IN MILLIMETERS OF LOWER TEETH IN 
SPECIMENS OF Prolimnocyon 


P. atavus P. elisabethae P.antiquus  P. antiquus 
A.M. U.S.N.M. A.M. U.S.N.M. 
No. No. No. No. 
16816 19350 14768 22452 
Type Type Type 
Pi-Ms (at alveoli)......... 35.0 41.0 40.0 
Piabs (at lalveolt):... chic... 20.6 25.3 25.0 
M:-Ms (at alveoli)......... 14.0 14.0 15.5 15.0 
Pe, anteroposterior diameter : 
transverse diameter .... 5.0: 2.1 Aga 
Ps, anteroposterior diameter : 
transverse diameter .... 5.4: 2.0 
P,, anteroposterior diameter : 
transverse diameter .... 5.8: 2.6 6.3:2.9 
Mi, anteroposterior diameter : 
transverse diameter .... 6.2:3.4 0) mar 640) 6.4:3.5 
Me, anteroposterior diameter : 
transverse diameter .... 6.4:4.2 6.8: 3.5 7.0: 4.0 
Ms, anteroposterior diameter : 
transverse diameter .... 2.6:1.7 
a Approximate. 
HYAENODONTIDAE 


SINOPA, possibly S. VIVERRINA (Cope) 
(Plate 6, figure 3) 


A pair of lower jaws (U.S.N.M. No. 22456) of a decidedly small 
species of Sinopa was found in the La Barge level of the Knight beds 
about 12 miles north of Big Piney. Most of the teeth are preserved 
although some are slightly damaged. Direct comparison with Cope’s 
type of the New Mexican species Sinopa viverrina is not feasible 
because, not only were there no lower teeth included, but the palatal 
portion, exhibiting the upper dentition figured by Cope (1877, pl. 38, 
fig. 1), has been missing from the type material (U.S.N.M. No. 1022) 
for some time. Nevertheless, from the measurements given by both 
Cope and Matthew for these upper teeth, it seems that the proportions 
of the lower teeth in the Knight specimen are entirely compatible for 
proper occlusion. 

The lower molars in No. 22456 are characterized by talonids having 
a very weak, posteriorly placed entoconid and almost no lingual crest 
or ridge forward from the entoconid position. The talonid basin 
slopes steeply to the lingual margin of the tooth, reaching a climax 
in M; where the narrow, elongate talonid is essentially without a basin. 
It may be further noted that the anterior premolars follow the canine 
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with very short or almost no diastema in comparison with jaws from 
the same horizon tentatively referred to Sinopa vulpecula. 


SINOPA, cf. MULTICUSPIS (Cope) 
(Plate 6, figure 4) 


A Bitter Creek lower jaw (U.S.N.M. No. 22459) with M, and M, 
preserved is tentatively referred to Sinopa multicuspis. The lower 
teeth in the Bitter Creek jaw occlude very well with the upper molars 
in the type and are not significantly different in size from teeth in 
New Mexican specimens referred by Cope to this species. A corres- 
pondence was also noted in size of teeth to the type of Sinopa 
secundaria, although the latter has more slender lower jaws. On the 
other hand, Sinopa mordax has deeper jaws and a more reduced M; 
than indicated in the Bitter Creek specimen. Considering the wide 
range of sizes and characters shown in materials of Sinmopa and the 
plethora of species that have been proposed, S. mordax may not 
actually be distinct from S. multicuspis. A careful reexamination of 
all the materials of Sinopa is much needed, as the present taxonomic 
arrangement seems illogical. 

To Sinopa multicuspis is also tentatively referred a right maxilla, 
with portions of two molars, U.S.N.M. No. 22460, from high on 
Fossil Butte and fragments of isolated teeth from this locality and 
from west of Elk Mountain in the Fossil Basin. 


SINOPA, cf. VULPECULA Matthew 
(Plate 6, figures 1 and 2) 


The best of the Knight material (U.S.N.M. No. 19347) compared 
to Matthew’s small Lost Cabin species was described in 1952. A 
couple of specimens that represent the same species have been added 
to the La Barge collection but these do not furnish new information. 

Two maxillary portions, one of these with P* and the other 
(U.S.N.M. No. 22462) with M? and M3, from the New Fork tongue 
are also thought to be of Sinopa vulpecula. The teeth are no larger 
than in Sinopa multicuspis but the molar talons seem more robust. 
In this connection it may be noted that the talonids of the lower 
molars in the La Barge material compared to S. vulpecula also seemed 
relatively broader than in the various Knight materials that were 
referred to S. multicuspis. 


SINOPA, cf. STRENUA (Cope) 


No additional material of a larger species thought to represent 
Sinopa strenua was encountered in the La Barge-Big Piney area, but 
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an assortment of associated upper and lower teeth with jaw and other 
fragments (U.S.N.M. No. 22461) from the earlier or Gray Bull 
equivalent about 4 miles to the southwest of Elk Mountain in the 
Fossil Basin may also represent this species. The upper teeth of this 
specimen are noticeably larger than in either Sinopa multicuspis or 
S. vulpecula, whereas the lower teeth compare very favorably with 
the type of S. strenua. 


MIACIDAE 
DIDYMICTIS PROTENUS (Cope) 
(Plate 7, figure 3) 


Among the materials that might logically be referred to earlier 
Wasatchian Didymictis protenus is a lower jaw portion with P, and 
M, (U.S.N.M. No. 22457) from the Bitter Creek locality. The size 
of M, appears to be close to that in Cope’s type from New Mexico, 
as measured at the roots, inasmuch as only the talonid portion of 
this tooth is preserved in the type (U.S.N.M. No. 1092). Pu., however, 
is a little larger. Its principal cusp, moreover, is a little higher. Simp- 
son (1937, p. 14) has noted considerable variation in size of materials 
in the Gray Bull referred to D. protenus. 

This species seems also to be represented by tooth fragments from 
the Gray Bull equivalent of the Knight west of Elk Mountain in 
Fossil Basin. 

A remarkably good skeleton of Didymictis (P.U. No. 14917) from 
about 15 miles north of Baggs, Wyo., is in the Princeton collection. 
It is from the Knight beds just below the Tipton tongue, but is un- 
usually small for this horizon. Measurements of the teeth are only 
a trifle larger than in the type of D. protenus to which it is very 
tentatively referred. The possibility of its falling near the lower limit 
of the range in size for the small mutant of D. altidens should be 
considered. Nevertheless, its size is well below the range noted for 
the La Barge materials. The specimen is to be described in detail 
elsewhere. 


DIDYMICTIS ALTIDENS Cope 
(Plate 7, figures 1 and 4) 

The reasons for referring the La Barge Didymictis materials to 
D. altidens were discussed in 1952. The few specimens added to this 
collection since that time furnish no further information. The 
sample shows somewhat less variability than the Gray Bull materials, 
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and in comparison with the type of D. protenus the La Barge form 
exhibits distinctly larger teeth and much deeper jaws. 

Among the newer collections from the New Fork tongue there is, 
in addition to several isolated tooth fragments, a large jaw (U.S.N.M. 
No. 22458) with damaged teeth associated with some fragments of a 
skull. These are of a form averaging larger than that represented by 
the La Barge materials, as might be expected in single species showing 
progressive increase in size. 

As isolated M, in the Princeton collection from the Cathedral Bluffs 
(P.U. No. 16113), here figured (pl. 7, fig. 4) in comparison with La 
Barge and Bitter Creek specimens, is scarcely larger (only 0.2 mm. 
longer at the roots) than this tooth in the New Fork jaw. It would 
appear to be close to typical D. altidens. 

Some fragments of teeth from the higher slopes of Fossil Butte 
are of a moderately robust form, tentatively referred to D. altidens. 
This is in keeping with the interpretation proposed by Simpson (1937, 
p- 15) that Matthew’s Lysite subspecies (mutant) should probably 
be included in D. altidens. 


VIVERRAVUS, cf. ACUTUS Matthew 
(Plate 7, figure 9) 


A right ramus of the mandible with P, and M, (U.S.N.M. No. 
22465) and a second specimen with only P, from the Bitter Creek 
locality are found to be of a species of Viverravus distinct from 
V. lutosus of the later horizons of the Wasatch. The teeth are smaller, 
particularly the premolars, than in V’. lutosus, and the talonid basin 
of the carnassial appears relatively narrower. The two specimens 
correspond more closely to Viverravus acutus, and P,4, particularly 
in the second specimen, is very little different in size. M, in No. 22465, 
however, appears somewhat smaller and relatively more slender than 
this tooth, which is incomplete, in the lower Gray Bull or Sand Coulee 
type. The teeth in all but one of the other Gray Bull jaws observed 
are indeed larger than in the type. Nevertheless, the differences are 
not great and the Bitter Creek materials may be tentatively referred 
to this species, although they may possibly represent a small mutant. 

A lower carnassial in the collections of the University of California 
(No. 43821) from the Knight about 11 miles north of Baggs, Wyo., 
and between 100 and 150 feet below the Tipton tongue is surprisingly 
close to M, in the above Bitter Creek jaw. It cannot be referred to 
V. lutosus although the horizon represented seems characterized by 
that species. It is also tentatively allocated to V. acutus. 


58 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


VIVERRAVUS LUTOSUS Gazin 
(Plate 7, figures 5 and 7) 


Fragments of three jaws and a maxilla, each with a single tooth, 
have been added to the materials representing Viverravus lutosus in 
the La Barge fauna. The species is now also represented by a lower 
jaw (U.S.N.M. No. 22464) with M, and the talonid portion of M; 
from the New Fork tongue (pl. 7, fig. 7). The preserved part of 
M;, agrees very closely with this tooth in the type but M, is perhaps 
a trifle smaller than in certain referred specimens from the Muddy 
Creek locality north of Big Piney. It is also noted that the Cathedral 
Bluffs lower jaw (P.U. No. 16107) that Morris (1954) referred to 
Viverravus gracilis is much closer to V. lutosus. Both P, and M;, in 
the Princeton specimen have the same overall dimensions as these 
teeth in the type of V. lutosus and seem identical to them, but the 
alveolus for P; appears to be slightly longer. Matthew’s (19009, 
p. 361) measurements of the type of Bridger V. gracilis suggest that 
the lower carnassial was relatively much broader than in the Cathedral 
Bluffs jaw. 


VIVERRAUS, cf. DAWKINSIANUS (Cope) 


A second and larger species than Viverravus lutosus in the New 
Fork fauna is indicated by portions of a lower jaw with only M, 
preserved (U.S.N.M. No. 22467). The tooth is undoubtedly viverravid 
but its size and that of the more forward alveoli is decidedly greater 
than in V. lutosus. In this respect it is near V. dawkinsianus, to 
which it may be referred. However, it differs from that species, so 
far as can be determined, only in the depth of the lower jaw. The jaw 
is a little more robust than in V. lutosus but is not as deep as in 
typical Lost Cabin V. dawkinsianus. 


UINTACYON ASODES Gazin 
(Plate 7, figures 6 and 8) 


While no new materials of Uintacyon asodes have been found in 
the La Barge horizon, a comparatively robust jaw that may be referred 
to this species was found in the New Fork tongue. The specimen 
(U.S.N.M. No. 22468; pl. 7, fig. 6) includes P, and P, to Mz 
inclusive. The carnassial is a little wider, but P. is more reduced, as 
may be inferred from the better spacing of the roots of this tooth in 
the type. The large size of the molars that characterizes U. asodes 
in comparison with Uintacyon massetericus is further demonstrated 
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in M, of the New Fork specimen. Measurements of teeth in the two 
Wasatch specimens are given below, together with those for the type 
of U. massetericus. 


MEASUREMENTS IN MILLIMETERS OF LOWER TEETH IN 
SPECIMENS OF Uintacyon 


U. massetericus U. asodes 
A.M. U.S.N.M. U.S.N.M. 
No. No. No. 
4250 19351 22468 
; : Type Type 
P,, anteroposterior diameter : 
transverse diameter ......... 6.0: 2.9 Os 7353 ERK os} 
Mi, anteroposterior diameter : 
transverse diameter ......... 6.9: 4.8 7.525.5 7.9:5.0 
Mz, anteroposterior diameter : 
transverse diameter ............ 4273.6 6.0: 5.1 


MIACIS, near M. EXIGUUS Matthew 


Included among the more recent collections made from the New 
Fork tongue is a lower jaw fragment with M, and most of M, 
(U.S.N.M. No. 22469), clearly of Miacis but representing a species 
distinctly smaller than M. latidens. In size it cannot be distinguished 
from Miacis exiguus, although all the heretofore described materials 
of this species have been recorded only from Gray Bull levels. The 
only feature seen in the two teeth that might be regarded as distinc- 
tive is a more forward position of the paraconid of M2. This was 
noted in comparison with La Barge materials of M., cf. latidens as 
well as with Gray Bull specimens of M. exiguus. 

An isolated lower carnassial in the La Barge collection, too small 
to be included in Miacis latidens, may represent the same species as 
that present in the New Fork fauna. The form of its talonid, however, 
more closely resembles that of the other, much larger La Barge 
specimens. 


MIACIS, cf. LATIDENS Matthew 
(Plate 8, figure 1) 


The miacid jaws (U.S.N.M. No. 19335) described in 1952 and ten- 
tatively referred to Matthew’s Lost Cabin species Miacts, cf. latidens, 
exhibit a well-preserved and nearly complete cheek tooth series on 
the left side, illustration of which is included in this report. No 
further materials that may represent this species have been encoun- 
tered, 
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Cf. VULPAVUS AUSTRALIS Matthew 
(Plate 8, figure 5) 


A single upper molar (U.S.N.M. No. 22474), much larger than 
in the Bitter Creek maxilla thought to be of Vulpavus, was found in 
association with Heptodon high on the slope of Fossil Butte. The tooth 
is rather close in size to M? in the Gray Bull specimen (A.M. No. 
16954) referred to V. australis. The protoconule, however, is a little 
less lingual and the cingulum is not as heavy. A slight mesostyle on 
No. 22474 cannot be determined for M* of No. 16954 because of 
slight damage to this portion of the tooth, but it is lacking in M? of the 
Gray Bull specimen. 


VULPAVUS ASIUS Gazin 
(Plate 8, figures 2 and 3) 


Three additional specimens of Vulpavus asius bring the total to 11 
that now represent this species in the La Barge fauna. One of these 
(U.S.N.M. No. 22470), a lower jaw including the first two molars, 
was collected by Privrasky west of Big Piney. The other two are 
isolated M,’s from 12 miles north of Big Piney. Mention should also 
be made of an incomplete lower molar, surely of this species, from 
approximately 150 feet beneath the Tipton tongue about 13 miles 
north of Baggs, Wyo., one of the more productive localities for 
material of the Dad fauna. 

A somewhat larger mutant, evidently of Vulpavus asius, is repre- 
sented by four specimens from the New Fork tongue. One of these, 
U.S.N.M. No. 22471, includes both rami of the mandible and repre- 
sentation of Pys-M.. A composite of the teeth from both sides is shown 
for the left ramus in plate 8 (fig. 2) in comparison with the type 
(fig. 3) from the La Barge faunal level 12 miles north of Big Piney. 
The teeth in No. 22471 are among the larger for the New Fork mutant, 
which average a little larger than in the La Barge form. The observed 
ranges in size, however, do overlap. The depth of the jaw in No. 22471 
is about the same as in the La Barge type. 

The New Fork mutant makes a close approach in size to contem- 
porary Lost Cabin Vulpavus canavus as represented, for example, 
by the comparatively small type specimen of V. brevirostris (Cope), 
and the lengths of the lower molars in No. 22471 can be nearly 
matched in certain of the Wind River specimens. P,, however, is 
distinctly smaller and all the teeth are relatively narrower. The New 
Fork materials might have been allocated to V. canavus but they are 
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closer to V. asius, geographically as well as in form, so that it seems 
preferable to regard them as a progressive mutant of V. asius. Their 
stratigraphic position, of course, precludes regarding them in an 
ancestral relationship to V. canavus. 


Cf. VULPAVUS, sp. 
(Plate 8, figure 4) 


A right maxillary fragment with M? and M?, U.S.N.M. No. 22473, 
from Bitter Creek closely resembles in the form of the two molar 
teeth a specimen of Vulpavus australis (A.M. No. 16954) from the 
Bighorn Basin but is distinctly smaller, and the inner cingulum, though 
worn, appears a little weaker. Matthew did not discuss or figure upper 
teeth of Vulpavus but it would appear from these teeth that there is 
somewhat less disparity in size between M* and M? and possibly the 
external shelflike cingulum is not as expanded as in Miacts. 


VASSACYON, cf. PROMICRODON (Wortman) 


A portion of the left ramus of a mandible, U.S.N.M. No. 22451, 
from the Gray Bull horizons southwest of Elk Mountain in the 
Fossil Basin represents beyond doubt, Matthew’s genus Vassacyon. 
Only P, and the talonid portion of the lower carnassial are included, 
but these together with alveoli for other molars correspond closely 
in size to Gray Bull V. promicrodon. The distinguishing feature in 
this specimen, demonstrating that it represents Vassacyon, is seen 
in the molar talonid. The heel of M,, though having a well-defined 
lingual basin, has a comparatively high median crest. The basin is 
not as large and broad as in Miacis or Vulpavus and the crest is more 
trenchant. The median crest suggests Uintacyon, but this is denied 
by the much better-defined basin. Moreover, the jaw is relatively deep 
and robust as in Vassacyon promicrodon. 


CONDYLARTHRA 
HYOPSODONTIDAE 
HAPLOMYLUS SPEIRIANUS (Cope) 
(Plate 9, figures 1-4) 
Haplomylus speirianus, as pointed out by Matthew (1915b, p. 314), 
is characteristic of the lower part of the Gray Bull and has not been 
found in the upper Gray Bull, Lysite, or Lost Cabin beds. This species 


is now recognized in the materials from several localities in the lower 
part of the Knight sequence. In addition to isolated upper and lower 
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teeth, there is a maxilla with M* and M? (Y.P.M. No. 14077; see 
pl. 9, fig. 1) from Bitter Creek that can be closely matched in Gray 
Bull materials from the Bighorn Basin. Lower jaws (U.S.N.M. Nos. 
22429 and 22427; see pl. 9, figs. 2, 4) from the Knight exposures at 
the base of the escarpment west of Elk Mountain in the Fossil Basin 
have anterior molars comparable to those in larger Gray Bull materials, 
but M, in both is actually and relatively smaller than in all but one 
of the U.S.N.M. jaws from the Gray Bull with this tooth preserved. 
A lower jaw with P, and M, (U.S.N.M. No. 22428; see pl. 9, fig. 3) 
from the Red Desert locality east of Steamboat Mountain can also be 
matched in Gray Bull specimens, but only among those having the 
smallest teeth. 

There is considerable variation in tooth size in various Gray Bull 
materials referred to Haplomylus speirianus. Simpson (1937, p. 22), 
however, has shown that the materials from the Sand Coulee or low- 
est Wasatchian levels average distinctly smaller than those from the 
Gray Bull proper, although there is an overlapping in range. Teeth 
decidedly smaller than any of those in the National Museum Gray 
Bull sample were found very low in the Knight at a locality southeast 
of the Rock Springs uplift, approximately 20 miles southwest of 
Bitter Creek Station, by Henry W. Roehler of the Mountain Fuel 
and Supply Co. This must surely be the Sand Coulee level. 


HYOPSODUS LOOMISI McKenna 
(Plate 9, figures 5-7) 


The species Hyopsodus loomisi as proposed by McKenna would 
appear to be a substitution for Hyopsodus simplex to include much 
that had been attributed to that species but which was not determin- 
able in a lower jaw, or not actually distinctive of the type specimen. 
Most of the characters attributed to Hyopsodus simplex are highly 
variable throughout the lower Eocene but appear more consistently 
evident in the earliest Gray Bull specimens. The characters selected 
by McKenna as diagnostic for H. loomisi include the weakness of 
the hypocone and near absence of an external cingulum of the upper 
molars, which when coupled with small size would seem indicative 
of a distinct species, or at least of a primitive mutant of the Gray- 
bullian form referred to H. miticulus. 

Several very small jaws in the Bitter Creek collection are believed 
to be this species, but only one upper molar conforms to the descrip- 
tion. Other Bitter Creek maxillae show better development of the 
hypocone and external cingulum. Among the very small lower jaws 
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I note that although the paraconid is persistent on M, and occasionally 
on M,, the entostylid is rather variable. The presence of an ento- 
stylid would not seem to be necessarily an advanced character, because, 
although it is rather common in the Bighorn Gray Bull materials, it 
is usually weak or absent in the La Barge Knight specimens. 

An isolated upper molar from the Red Desert locality east of 
Steamboat Mountain may also be referred to Hyopsodus loomisi, but 
the species does not seem to be represented in the Fossil Basin 
collections from west of Elk Mountain. 


HYOPSODUS, cf. MITICULUS (Cope) 


Jaws, maxillae, and isolated teeth that may be referred tentatively 
to Hyopsodus miticulus are included in the collections from the hori- 
zons of lower Gray Bull equivalence in the Knight. Reference of 
these, however, to the geographically remote New Mexican species 
may be questionable. Most of the material represents relatively small 
individuals, corresponding to about the lowest part of the size range 
determined for Gray Bull materials referred to this species. However, 
the largest individual represented in the Bitter Creek sample (Y.P.M. 
No. 14052) is just under the mean for the Gray Bull. Some that seem 
not referable to H. loomisi are smaller than any in the U.S.N.M. 
Gray Bull sample, but it should be noted that the latter does not 
include Sand Coulee Hyopsodus material. 

To Hyopsodus miticulus are also referred specimens from the 
Lysite equivalent in the Fossil Basin, materials that might otherwise 
have been identified as Hyopsodus lysitensis or Hyopsodus mentalis 
lysitensis. In a statistical study of Hyopsodus, currently under way, 
I find that the range of measurements for specimens of the smaller 
form, generally designated H. m. lysitensis, in the American Museum 
and Princeton University collections from the Cottonwood Draw 
Lysite, corresponds very well and is included within that for the H. 
miticulus materials from the Gray Bull. I am unable to justify a 
distinction on size or progressiveness. The frequency distribution for 
size of teeth in Hyopsodus mentalis in a small sample from the Largo 
beds of New Mexico is discordant with that for the Lysite materials, 
although Van Houten (1945, p. 434) and Simpson (1948, p. 383) 
have thought that that Largo may be more nearly Lysite than Lost 
Cabin in age. I do not think that the Lysite Hyopsodus, if contempo- 
raneous, is the same species as that recorded for the Largo. 
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HYOPSODUS WORTMANI Osborn 


Ten more specimens of Hyopsodus wortmani encountered in later 
collections representing the La Barge fauna brings the total for 
this species up to about 39, much less abundant than H., cf. mentalis. 
Later collections from the New Fork horizon, however, show that 
H. wortmani there outnumbers the larger form about 10 to 6 in the 
small sample at hand. A single specimen, U.S.N.M. No. 22660, from 
the collections of the Dad fauna is referred to this species; all the 
remaining specimens from the exposures beneath the Tipton tongue 
south of Dad, Wyo., are of the very large species H. browni and 
FH. walcottianus. 


HYOPSODUS, cf. MENTALIS (Cope) 


Reference of Lostcabinian materials of Hyopsodus to the species 
H. mentalis, while recognizing H. miticulus as the name for Gray 
Bull materials, may well be perpetuating a taxonomic error. It is not 
improbable that the Wyoming sequence of the forms concerned is 
evolution in situ, whereas H. miticulus and H. mentalis are reported 
to be contemporary in the Almagre of New Mexico, although only 
H. mentalis seems persistent into the Largo beds, according to 
Matthew’s interpretation of the distribution of these species. 

Some 70 or more specimens of Hyopsodus in the collections repre- 
senting the La Barge fauna are considered as possibly representing 
H. mentalis, bringing the total for this locality to approximately 146. 
Not previously recognized in the New Fork fauna, six specimens or 
about a third of the Hyopsodus material from above the Tipton 
tongue in the La Barge-Big Piney area may also be included in this 
species. It is interesting to note, however, that of the materials I 
have seen, none of the specimens representing Hyopsodus in the Dad 
fauna, appears to be in this size range, although the horizon surely 
corresponds closely in age to that of the La Barge fauna. 


HYOPSODUS BROWNI Loomis 


The species indicated here is the same as that for which Kelley and 
Wood (1954, p. 355) have used the name Hyopsodus powellianus. 
Unfortunately, the type of H. powellianus is from an unknown hori- 
zon in the Bighorn Basin, and while it may well have come from the 
Lysite horizon, it could also be from the Lost Cabin level and repre- 
sent a small individual of the form Matthew has called H. walcot- 
tianus. Hyopsodus lemoimianus also has for its type a specimen from 
an unknown horizon in the Bighorn Basin. H. lemoinianus has pri- 
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ority over H. powellianus, and while Matthew placed it in synonymy 
with H. mentalis, it seems to be nearly or quite outside the observed 
range for this species in the Wind River Lost Cabin and at about the 
upper limit in the La Barge fauna. It certainly falls near the mean 
for the Cottonwood Draw Lysite specimens called H. powellianus. 
Nevertheless, in view of the possible confusion at certain levels, 
probably H. brow/ni is the least questionable designation. 

In addition to the specimens from near Knight Station in the 
Fossil Basin that were described as belonging to this species in 1952, 
I refer also a maxilla with part of M? and M® from high on the 
southwest slope of Fossil Butte, in the deeper red beds just beneath 
the Green River, and a lower jaw with M, and part of M; from the 
saddle on the north side of Fossil Butte in the Fossil Basin. 

This large species is evidently not represented in the rather abun- 
dant Hyopsodus specimens from below the Fontenelle or Tipton 
tongue in the La Barge—Big Piney area. A single specimen (U.S.N.M. 
No. 22667), however, collected by N. C. Privrasky of the U. S. 
Geological Survey, from a locality he regarded as near the base of 
the Knight in this area, is much larger than any of the Hyopsodus, 
cf. mentalis material and may tentatively be referred to H. brown. 
In the Dad fauna, on the other hand, associated with Lambdotherium, 
most of the specimens of Hyopsodus at hand conform to the size 
range of H. browni. The remaining specimens are quite outside the 
range and may be included in small H. wortmani or very large H. 
walcottianus. Also, above the Tipton tongue of this area, in the 
Cathedral Bluffs member, Morris (1954, p. 197) has listed Hyopsodus 
paulus. These specimens, consisting of a P*, an upper molar, and an 
M; are of a larger species than H. paulus and may tentatively be 
referred also to H. browni. Their size would not warrant recognizing 
H. walcotiianus in the Cathedral Bluffs fauna. 


HYOPSODUS, cf. WALCOTTIANUS Matthew 


Material from the Knight beds that may appropriately be referred 
to very large, but rare, Hyopsodus walcottianus has been found at 
localities near Dad, Wyo. A lower jaw with incomplete M, and M; 
(U.S.N.M. No. 22663), a maxilla with M? and M? (U. of Calif. No. 
43592) and an isolated M? in the National Museum collection from 
the Knight beneath the Tipton tongue along the escarpment south of 
Dad appear much too large to be included with the contemporary 
materials regarded as representing H. browni. Also, a single lower 
jaw with P, and M, (U.S.N.M. No. 22669) from the New Fork 
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seems large enough to be included in this species. Matthew in 1915 
(b, p. 326) noted only three specimens of H. walcottianus, including 
the type in the collection from the Lost Cabin beds of the Wind 
River Basin and two from this horizon in the Bighorn Basin. 


PHENACODONTIDAE 
PHENACODUS PRIMAEVUS Cope 


The absence of Phenacodus in the abundantly represented La Barge 
fauna of the Knight was earlier (1952) noted, although the type of 
P. primaevus is from a somewhat earlier horizon along Bear River 
near Evanston. A well-worn P, and lower molar (U.S.N.M. No. 
22668), evidently associated, from the Bitter Creek locality compare 
very closely in size with Gray Bull materials referred to Phenacodus 
primaevus. The lower molar is worn so that its pattern is poorly 
revealed. The premolar, however, is clearly of Phenacodus and can 
be matched in detail with this tooth in P. primaevus, although the 
posterointernal angle or entoconid portion is broken away. 

The lower jaw of Phenacodus described in 1952 (p. 61) as coming 
from beneath the variegated deposits of the Knight about 3 miles east 
of Fossil Station is now known to be from the Evanston formation 
(Gazin, 1956b). 


PHENACODUS, cf. VORTMANI (Cope) 
(Plate 9, figures 8 and 9) 


A maxilla with P*-M? and a lower jaw with P3-M3;, together with 
other tooth portions belonging to the same individual, representing a 
small species of Phenacodus, were found at a locality to the south- 
west of Elk Mountain in the Fossil Basin. It is not certain, however, 
that the horizon represented is as low as the Gray Bull level at the 
base of the escarpment due west of Elk Mountain. The localities 
are a couple of miles apart. 

The size of the species represented is comparable to Phenacodus 
vortmanm, or possibly to P. copei. The details of P3; and P, cor- 
respond more closely to the description given by Granger (1915, 
p- 343) for P. vortmam, although the horizon represented by the 
Fossil Basin specimen is in all probability not as late as that for the 
type. It should be noted, however, that Granger recognized P. vort- 
mani in all three levels of Wasatchian time. 


PHENACODUS, cf. BRACHYPTERNUS Cope 


A single upper molar in the collection from the Red Desert locality 
east of Steamboat Mountain is about the size of an M! in Ectocion 


NO. I LOWER EOCENE MAMMALIAN FAUNAS—GAZIN 67 


osbornianum, but evidently does not represent this genus. The cusps 
are lower and more bunodont and there is much less indication of 
transverse lophs. Moreover, the enamel is perhaps a little more ru- 
gose. Although the more characteristic P, of Phenacodus brachypter- 
nus is not included in the material, it seems probable, nevertheless, that 
this small species is represented rather than somewhat larger P. vort- 
mant or P. copet. 


MENISCOTHERIIDAE 
MENISCOTHERIUM, cf. PRISCUM Granger 
(Plate 10, figures 5 and 6) 


A small species of Meniscotherium in the Bitter Creek fauna is 
represented by about six specimens. Although the type of M. priscum 
from the Clark Fork beds could not be located in the American 
Museum collections, the dimensions of the teeth given by Granger 
(1915, p. 360) are closely comparable to those in the Bitter Creek 
specimens. Their size is only slightly greater than in the New Mexican 
form M. tapiacitis Cope, but, as noted by Granger, the metastylid of 
the lower molars is much more prominent in the Wyoming material. 

In a comparison of upper cheek teeth in a maxilla from Bitter 
Creek (see pl. 10, fig. 5) with upper dentitions from later horizons of 
the Wasatch, it is noted that in addition to smaller size the teeth are 
relatively short (anteroposteriorly) and broad. The extended lingual 
portion in each also seems anteroposteriorly compressed. 

Isolated teeth of distinctly small size from the Red Desert locality 
are also referred to this species. Moreover, fossil materials collected 
by Henry W. Roehler near the base of the Knight sequence at locali- 
ties on the western and southeastern flanks of the Rock Springs uplift 
include isolated teeth of this species in association with Haplomylus 
speirianus. The faunal levels represented are about comparable to 
those at Bitter Creek. 

Some very fragmentary material, but including one complete lower 
molar, of a small Meniscotherium was found low on the south-facing 
escarpment to the west of the saddle north of Fossil Butte. The 
tooth is almost identical in size with M, in the lower jaw (U.S.N.M. 
No. 22432; pl. 10, fig. 6) from Bitter Creek. The presence of 
Meniscotherium so close in size to M. priscum on the slopes on the 
opposite side of the ravine to the northwest of Fossil Butte is rather 
indicative of a lower Gray Bull level in this area, lower than the 
Wasatchian horizon represented in the saddle which has produced 
remains of Meniscotherium more nearly comparable to M. robustum. 
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MENISCOTHERIUM ROBUSTUM Thorpe 
(Plate 10, figures 1 and 2) 


The distribution of Meniscotherium robustum would appear to 
be characteristic of the upper part of the Knight formation beneath 
the Tipton tongue and to be nearly limited to the Green River Basin 
of Wyoming. Its area of greatest abundance is the vicinity of La 
Barge and Big Piney, but it has been found near Tipton Butte, and 
to the southeast of the Rock Springs uplift as well as on its western 
flank. Also, a maxilla and a portion of a lower jaw, which may repre- 
sent this species or a form near it, were found in the adjacent Fossil 
Basin at localities high in the Knight beneath the Green River beds 
on Fossil Butte. Besides these, maxillae and a jaw portion belonging 
together were discovered in association with a considerable amount 
of Coryphodon material on the escarpment to the west of Elk Moun- 
tain. Distribution of the species, however, does not appear to have 
extended as far east as the Muddy Creek area on the east side of the 
Washakie Basin. No material of Mentscotherium has been observed 
in any of the several collections from beds beneath the Tipton tongue 
in the vicinity of Dad and Baggs, Wyo., and this species has not been 
reported from either the Wind River or Bighorn Basins. 

While the vertical range of Meniscotherium robustum is limited 
upward, as far as known, by the Fontenelle or Tipton tongue of the 
Green River, its distribution downward remains somewhat uncertain. 
It may well characterize only the Lostcabinian level but if it evolved 
in situ from the early Graybullian M., cf. priscum, of the area, the 
Lysitean stage of this development has not been clearly demonstrated 
in the Green River Basin. It is entirely possible that the Fossil Butte 
specimens which seem near M. robustum represent this age. The 
teeth in the maxilla (U.S.N.M. No. 22670) are larger than in the 
New Fork M., cf. chamense, but are at about the lower limit of the 
observed range in size for M. robustum. Only two maxillae in the 
La Barge collection have teeth as small. The lower jaw fragment 
(U.S.N.M. No. 22794) has Pz and P, only slightly larger than in the 
M., cf. chamense, material but the jaw itself is about as robust as in 
M. robustum. It is interesting to note, however, that the specimen 
from the Fossil Basin locality west of Elk Mountain (U.S.N.M. No. 
22795), evidently a Gray Bull level, has teeth fully as large as in 
M. robustum. There is no association here with M. priscum, however. 
Presumably the horizon is not as early as that at Bitter Creek. 
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MENISCOTHERIUM, cf. CHAMENSE Cope 
(Plate 10, figures 3 and 4) 


As noted for the La Barge horizon, remains of Meniscotherium are 
found to be exceedingly abundant in the New Fork collections. More 
than 120 specimens have been added to the 3 reported in 1952, a few 
of which are beautifully preserved skulls. Partial skeletons are also 
included in certain instances. Unlike the New Mexican collections, the 
New Fork materials are surprisingly uniform in size, corresponding 
very closely in tooth proportions to the type of Meniscotherium 
chamense. Moreover, the range in size of teeth does not appear to 
overlap that of larger and earlier Meniscotherium robustum. Except 
for the persistent size and age difference there is surprisingly little 
to distinguish the two species in the Big Piney area. There is a sug- 
gestion, however, that the smaller and later form referred to M. 
chamense shows a somewhat less progressive P*. The talon of this 
tooth in certain specimens seems simpler with less development of the 
accessory cuspules. 

I do not think that the New Fork species is derived from M. ro- 
bustum in the underlying beds. It is more reasonable to suppose that 
M. robustum was supplanted by the smaller form as a migrant from 
elsewhere, presumably New Mexico. An excellent specimen obtained 
by Princeton University (P.U. No. 14875) from Lost Cabin beds 
north of Moneta in the Wind River Basin compares closely with the 
type of M. chamense, supporting Granger’s conclusion that this spe- 
cies is present also in the typical Lost Cabin beds, but his inference 
from this that the Largo beds are of Lost Cabin age may not follow. 

With the relative abundance of Meniscotherium in the New Fork 
fauna it is important to note that no representation of this genus has 
been found in the Cathedral Bluffs exposures of the Washakie Basin. 
Morris (1954, p. 199) has used this as evidence supporting a later 
age for the type Cathedral Bluffs. It seems more than likely, however, 
that the absence is of ecologic significance rather than necessarily 
implying later time, inasmuch as Meniscotherium, as noted in the pre- 
ceding discussion, is also missing from the Dad fauna of the under- 
lying beds of the same area, as well as from the nearby and still 
earlier Four Mile fauna of McKenna. 
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PANTODONTA 


CORY PHODONTIDAE 
CORYPHODON RADIANS (Cope) 
(Plate 11, figures 1-5; plate 12, figures 1 and 2) 


Coryphodon would appear to be most abundantly distributed in the 
lower levels of the Knight. Remains are of common occurrence at 
the Bitter Creek locality and at the base of the Knight section west 
of Elk Mountain in the Fossil Basin. Much highly fragmentary 
material was noted along the lower slopes of Fossil Butte although 
the precise level represented here is not certain. Remains are much 
less frequently encountered in the higher levels in the La Barge- 
Big Piney area and none has been found in the New Fork and Ca- 
thedral Bluffs beds. Extinction may well have coincided with the 
changes that brought about the Tipton tongue of the Green River. 

Coryphodon radians is the first name that has been applied to 
Coryphodon in North America; and since the type material is from 
the Bear River locality near Evanston, there is no question of its 
being represented in the Knight in at least one of the faunas for this 
member. In all probability all the reported materials from the dif- 
ferent horizons of the Knight are of this species. However, only one 
of the skulls in our collection, U.S.N.M. No. 20737 (see pl. 11, fig. 1) 
from near La Barge shows the spur from the metacone described 
by Osborn (1898, p. 213) as characterizing C. radians. I suspect, 
however, that this is, as a vestigial feature, highly variable. I note 
also that the spur extending posteroexternally from the protocone 
to the posterior cingulum of this tooth must be regarded as variable, 
because in a skull from Bitter Creek (U.S.N.M. No. 22745; pl. 11, 
fig. 4) it is exhibited on the right side but not the left. 

Two skulls (U.S.N.M. Nos. 22745 and 22748; pl. 11, figs. 4, 5) and 
an incomplete pair of lower jaws (U.S.N.M. No. 22746, pl. 12, fig. 2) 
from Bitter Creek could with certainty be referred to Cope’s Corypho- 
don armatus. There is no doubt but that this is the place where he 
obtained the remains of two poorly preserved skulls upon which the 
species was based. C. armatus was the third North American species 
to be named, and the second, C. semicinctus, was placed in synonymy 
with C. radians by Cope himself. C. armatus was the type of Cope’s 
genus Metalophodon characterized by the unusual appearance of M?. 
Earle (1892) regarded Metalophodon invalid because of variation in 
the characters of M*. I believe, however, that the tooth in this position, 
as figured by Cope in his Tertiary Vertebrata (1884, pl. 49, fig. 1), 
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is an M® from another individual. The difference between the two 
M?®’s is then a matter of wear and of individual variation. The extent 
of the difference between them with respect to the posterior spur from 
the protocone was observed between two sides of the same skull as 
mentioned above. 

The pair of jaws from Bitter Creek (U.S.N.M. No. 22746) in- 
cludes the three molars. M3, as in the tooth so identified by Cope 
(pl. 49, fig. 6) has the posterior crest parallel to the anterior. This 
condition is quite like that in the lower jaw regarded as associated 
with the type of C. radians (Cope’s pl. 46, fig. 2). Lower jaws with 
a skull (U.S.N.M. No. 21026) from the Gray Bull horizon at the 
base of the escarpment west of Elk Mountain in the Fossil Basin 
also show (see pl. 12, fig. 1) this type of M3. None of the Knight 
lower jaw material so far observed exhibits the so highly divergent 
or V-shaped posterior crest characterizing the genotype C. eocaenus, 
and that is comparatively common in Bighorn Basin specimens. The 
C. eocaenus condition exhibited by the Bighorn Basin specimens 
would appear to be primitive, and more like the Paleocene pantodonts, 
as pointed out to me by Dr. Elwyn Simons, although the form repre- 
senting this condition in the Gray Bull fauna of the Bighorn Basin 
cannot, of course, be ancestral to that at Bitter Creek. Dr. Simons 
has undertaken a study of Coryphodon as a sequel to his study of 
Paleocene pantodonts, and his much-to-be desired revision of the 
numerous species of Coryphodon and his conclusions on their rela- 
tionships is eagerly awaited. 


DINOCERATA 
UINTATHERIIDAE 
Cf. BATHYOPSIS FISSIDENS Cope 


Further excavation in 1953 at the locality where jaws described as 
probably representing Bathyopsis fissidens (U.S.N.M. No. 19990) 
were found has yielded considerably more skeletal material. The bone 
is rather badly shattered but careful preparation has saved about 
nine presacral vertebrae, including the atlas and axis, together with 
the sacrum and several rib portions. Representing the forelimbs is the 
distal part of a humerus, both radii, the greater part of both ulnae, 
and three carpals. The hindlimbs are represented by the head and 
condyle of a femur, patellae, a nearly complete tibia, almost all of the 
right tarsus, and the third metatarsal. 

The limb material for the most part is rather flattened by crushing, 
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although the foot bones, of denser material, have retained much of 
their original shape. The skeletal portions closely resemble those in 
Bridger Uintatherium. The limb bones, though about two-thirds the 
length of those in an upper Bridger animal, are relatively much more 
slender. In comparison with the skeletal material Dorr (1958) has 
called Prouintatherium, I note that the groove between the inner and 
outer or trochlear and capitellar portions of the distal articular surface 
of the humerus is more obtuse, approaching Uintatherium in this 
respect. Also, the olecrenon of the ulna curves backward more and 
the sigmoid notch faces more proximally, as in Uintatherium. 

The astragalus figured by Dorr belongs to Coryphodon, as he sus- 
pected. The New Fork astragalus is much like that in Uintaiherium 
but shows a somewhat less flattened surface for the tibia, and that 
for the cuboid and navicular is relatively a little deeper in a dorso- 
plantar direction and not so wide. The latter surface, moreover, is 
sharply tilted with respect to the tibial surface and they approach one 
another at a high angle. In Uintatherium these surfaces of the as- 
tragalus are more nearly opposite one another. This suggests greater 
forward tilting of the tibia with respect to the metatarsal direction. 
An additional feature noted is that an astragalar foramen is not en- 
closed or completed in the New Fork animal, whereas formation of 
the foramen seems characteristic of the Bridger animal. 


PERISSODACTYLA: 


EQUIDAE 
HYRACOTHERIUM, cf. ANGUSTIDENS (Cope) 
(Plate 13, figure 3) 


In assigning the Bitter Creek material of Hyracotherium tenta- 
tively to H. angustidens, I have followed Kitts in his belief that the 
materials from Graybullian beds in both New Mexico and Wyoming 
represent a definably more primitive stage in this genus than the later 
Wasatchian specimens. This is without regard for the rather striking 
range in size observed. Some teeth are as large as any referred to 
Hf, vasacciense in the La Barge collection and others are smaller than 
any that I had previously referred to H. index. No statistical treat- 
ment of this material seemed feasible, as all but about four specimens 
of the approximately three dozen consist of isolated teeth from 
various positions. 

Three of the isolated teeth are believed to be P*, as determined from 
their somewhat less transverse diameter in comparison with their 
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length than in P*. In these the primary cusp and tritocone (paracone 
and metacone) are less widely separated than in P*, or than in P® 
of later forms. In each the protoloph extending toward the parastyle 
is not appreciably deflected anterolingually, but shows a distinct en- 
largement representing the protoconule, certainly more discernable 
than in the specimen figured by Kitts (1956, fig. 5) for this species. 
All these, moreover, are of a size commensurate with the smaller La 
Barge specimens earlier referred to H. index. I suspect that there 
is a considerable amount of variation in the development and posi- 
tion of the protoconule of P* in any population of Hyracotherium and 
I have attempted to illustrate this in plate 13 where the specimens 
in figures 4 to 9 inclusive show increasing significance of the proto- 
conule in the La Barge material of H. vasacciense. 

It seems more than likely that the comparatively advanced lower 
Knight form represented at Bitter Creek gave rise to typical H. 
vasacciense of the later Knight beds, possibly in a dichotomous ar- 
rangement, such as seems indicated in the La Barge materials (see 
Kitts, 1956, p. 49; and Gazin, 1952, p. 65) other than those now 
referred to H. craspedotum. 

Marsh’s type of Eohippus pernix is from the Bitter Creek locality. 
This name was regarded by Kitts as a synonym of Hyracotherium 
vasacciense. It is possible that this interpretation is correct, but it 
seems more than likely, in the absence of published information to the 
contrary, that he regarded the Bitter Creek fauna as later than it is. 

A few isolated teeth from the Red Desert locality and about 24 
specimens from the Lower Wasatchian or Gray Bull level to the west 
of Elk Mountain in Fossil Basin are also referred tentatively to H. 
angustidens. The latter show a range in size as great as that at Bitter 
Creek but with a somewhat greater average size. A single maxillary 
portion exhibits P* and P* (pl. 13, fig. 3) and these teeth more nearly 
approximate the nonmolariform condition cited by Kitts for this 
species. 


HYRACOTHERIUM VASACCIENSE (Cope) 
Plate 13, figures I, 2, 4-10) 


As revised by Kitts, Hyracotherium vasacciense includes among its 
synonyms Hyracotherium index, the second and smaller of the two 
species described by Cope from the Knight beds of Fossil Basin. 
Although I have shown that for the La Barge collection M2, excluding 
the very large specimens, is clearly bimodal in its proportions, and 
Kitts (1956, p. 52) has found the same to be true for Ms, the evidence 
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for this in the more limited and generally more fragmentary remains 
of Hyracotherium at other horizons and localities in the Wasatch is 
not so easily demonstrated. I am convinced that two forms are repre- 
sented in the rather striking size range for Wasatch materials now 
allocated to H. vasacciense, but there is the practical matter of sepa- 
rating them in horizons other than at La Barge or Dad (Kitts, 1956, 
p. 49), because the modes thus postulated would no doubt shift with 
time. It may be noted that in the smaller as well as the larger of the 
two La Barge forms included under H. vasacciense P* is progressive, 
as Kitts has defined this species. In plate 13, figures 4 and 9 might 
be interpreted as representing the smaller form. 

Nearly 200 specimens from the La Barge horizon in Sublette County 
are now referred to H. vasacciense. Of this number more than a 
third are in a size range that was earlier included under H. index. 
The smaller specimens are relatively fewer in the Dad fauna, and in 
the New Fork only 2 of the 33 specimens of Hyracotherium are small 
enough to have been included in H. index. However, 10 out of this 
total are thought, for the most part on the basis of size, to represent 
H. craspedotum. A shift in modes for the New Fork species may 
also be involved. A somewhat different distribution is noted for the 
Cathedral Bluffs although only five specimens are known. Three of 
these are of a size that would have included them with H. index. 
The other two are referred to H. craspedotum. Incidentally, none has 
characters that would justify their inclusion in Orohippus. The upper 
molar associated with P.U. No. 16111 shows no evidence of a 
mesostyle. 


HYRACOTHERIUM, cf. CRASPEDOTUM Cope 
(Plate 13, figure 11) 


Essentially, the specimens from the Knight that I had tentatively 
assigned to Hyracotherium venticolum are those which Kitts (1956, 
p. 53) regards as representing H. craspedotum. These are for the 
most part strikingly large specimens, but rather few in number, that 
seemed beyond the limit for H. vasacciense. In two instances, how- 
ever, maxillary portions are known in which P* is of the type described 
by Kitts as characterizing H. craspedotum. One of these, P.U. 
No. 16173, from Fossil Butte was particularly mentioned by both 
Kitts (1956, p. 53) and me (as H. venticolum, 1956, p. 66) ; and the 
other is from the Cathedral Bluffs (U.S.N.M. No. 22497; see pl. 13, 
fig. 11). A second specimen from Cathedral Bluffs is a lower jaw 
(P.U. field No. 326W ) in which the combined length of M, and M; is 
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about 20.0 mm. The approximately 10 specimens from the New Fork 
are mostly isolated teeth of large size. 

Hyracotherium craspedotum is evidently a contemporary of H. 
vasacciense but probably derived from earlier H. augustidens. H. 
vasacciense, however, may have originated in a somewhat more pro- 
gressive form than typical H. angustidens, such as represented by the 
material from Bitter Creek. H. craspedotum most likely did not give 
rise to Orohippus. 


BRONTOTHERIIDAE 
LAMBDOTHERIUM POPOAGICUM Cope 
(Plate 12, figures 8 and 9) 


In the later collecting at the La Barge and New Fork levels, 
remains of Lambdotherium continued to be among the most fre- 
quently encountered. With the exception of a well-preserved pair 
of lower jaws (U.S.N.M. No. 22758) from the Muddy Creek locality 
12 miles north of Big Piney, near where the earlier-described (1952, 
pl. 10) skull was found in 1949, much of the material consists of 
rather fragmentary jaws and isolated teeth. Some 30 or more speci- 
mens were added to the La Barge collection and something over 70 
were found in the New Fork beds, which have received rather more 
attention in late years. 

No material of Lambdotherium has as yet been encountered in the 
rather sparsely fossiliferous Cathedral Bluffs beds in the Washakie 
Basin ; however, at least 21 specimens referred to L. popoagicum have 
been seen in collections representing the Dad faunule from beneath 
the Tipton tongue in the same area. These are for the most part 
isolated teeth in the collections of Princeton University and the Uni- 
versity of California, although in the Princeton collection there is a 
lower jaw (P.U. No. 16118) with three molars. A single specimen 
in the National Museum collection (No. 22759) exhibits P, and M,. 


BRONTOTHERIID, near PALAEOSYOPS FONTINALIS Cope 


The Princeton University specimen (No. 16110) from the Cathe- 
dral Bluffs that Morris (1954) and I (1959) have listed as Eotitanops, 
sp., is a right maxillary fragment with Dp’, Dp* and M*. Comparison 
of the teeth with those in the type of Palaecosyops fontinalis (A.M. 
No. 5107) shows them to be quite similar and only slightly smaller. 
The length of the ectoloph portion of M’, for example, measures 
24.0 mm., whereas in the type this dimension is 26.2 mm. Also, M* 
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exhibits a small protoconule but no metaconule, as in the type. 
Whether this specimen should be referred to Palaeosyops fontinalis 
or regarded as a large species of Eotitanops is not determined. 
Although direct comparison is not feasible, M? in the Cathedral Bluffs 
specimen is only a little larger than would be required for good occlu- 
sion with the type lower jaw of Eotitanops princeps. 

An additional specimen, U.S.N.M. No. 22766, that might also be 
referred to P. fontinalis but which is of a somewhat larger individual 
than the Princeton specimen was found very near the top of the red 
beds in the Oregon Buttes area, immediately to the southwest of 
Continental Peak and near its base. The red beds and the overlying 
greenish sequence here have been mapped as belonging to the Cathe- 
dral Bluffs member. The material consists of numerous bone frag- 
ments and portions of upper teeth, but with only P?-P* nearly complete 
and the lingual portions of P* and M? preserved. 

The type of Palaeosyops fontinalis was found by Cope “on a bluff 
on Green River near the mouth of the Big Sandy Creek, Wyoming.” 
Osborn considered the horizon represented as Bridger A, but I have 
some doubts as to the existence of a distinctive unit of true Bridger 
beneath that defined by Matthew as “B.” The specimen may well 
have come from a sandy zone or lentil high in the Green River forma- 
tion, as developed in the Bridger Basin. In any case there is sugges- 
tion of an approximate correlation with the upper part of the Cathedral 
Bluffs member in the Washakie Basin, inasmuch as the locality data 
for the Princeton specimen show it as coming from a horizon high 
beneath the Laney shale contact (sec. 4, T. 15 N., R. 93 W., evidently 
fossil loc. 1 on Morris’s map, 1954, p. 198). 

Palaeosyops fontinalis is not particularly close to typical Bridger 
Palaeosyops, as indicated by both Cope and Osborn. It is very much 
smaller than P. paludosus. As noted by Peter Robinson in his study 
of the Huerfano material, Palaecosyops fontinalis morphologically 
resembles Eoiitanops borealis. P. fontinalis is in all probability an 
intermediate stage in a line of development from typical Eotitanops to 
Palaeosyops, as well as being intermediate in size between E. borealis 
and P. paludosus. Whether this stage should be referred to Paleosyops 
or Eotitanops seems a rather arbitrary matter. Since the Cathedral 
Bluffs fauna on other evidence should no doubt be regarded as Wa- 
satchian rather than Bridgerian, one might be justified in allocating 
P. fontinalis to Eotitanops. 
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ISECTOLOPHIDAE 
HOMOGALAX PRIMAEVUS (Wortman) 
(Plate 12, figures 5 and 6) 


Three species of Homogalax have been described on Wasatchian 
materials from the Bighorn Basin and all are about equal in size. In 
all probability these represent but a single species, although Wortman 
(1896) has attempted to distinguish between them on the basis of 
premolar characteristics. The earliest named, Homogalax semihians 
(Cope), was based on a specimen in which there is a small deuterocone 
on P? and said to have a diastema between P* and P?. P? is missing 
but the alveoli are present to show that there was no diastema in this 
position. However, the molars in the type are badly worn and because 
the premolars seem relatively small there is no certainty that the 
specimen actually represents Homogalax. A revision of the tapiroids 
currently under way by Leonard Radinsky at Yale University may 
resolve this problem. The type of Homogalax was designated by 
Hay as H. primaevus—one of two species named by Wortman in 1896 
and characterized as lacking a deuterocone on P?. The other, H. pro- 
tapirinus, was characterized as possessing a strong deuterocone on 
this tooth. I suspect that this cusp, nearly functionless in a position so 
far forward in the series, may well have been highly variable in 
development. 

Seven specimens, consisting of maxillae, jaws, and separate teeth, 
from the Bitter Creek locality represent Homogalax and are compara- 
ble in size to the named Gray Bull species. None of the Bitter Creek 
specimens exhibits P?, but U.S.N.M. No. 22767 (pl. 12, fig. 5) has 
comparatively well-developed deuterocones on P* and P*, so that it 
would be reasonable to suppose that this cusp was also present on P? in 
this individual. 


ISECTOLOPHID, near HOMOGALAX PRIMAEVUS (Wortman) 


Among the materials of Hyracotherium and Heptodon encountered 
in the Knight exposures near Dad P. O. are remains of a small 
perissodactyl that cannot be assigned to either of these genera. About 
eight or nine specimens are included in the collections at hand and 
nearly all are from the large promontory of exposures beneath the 
Tipton tongue to the southwest of the State highway (330) bridge 
over Muddy Creek. Included are jaws, maxillae, and isolated teeth 
which represent a species about the size of the larger of the forms of 
Hyracotherium from here. 
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The very well-defined cross crests and more forward-directed crista 
obliqua of the lower molars, together with the elongate, uninterrupted 
transverse lophs of the upper molars, show that these specimens should 
not be included in Hyracotherium. Moreover, a maxillary fragment, 
U.S.N.M. No. 22788, with P* and P*, shows P* to be rather more like 
Homogalax than Hyracotherium. It exhibits a very prominent para- 
style and the talon is constricted lingual to this. The deuterocone is 
very high and placed well forward with a high, more laterally directed 
protoloph which does not join the ectoloph. There is no crest to the 
tritocone. Kitts (1956) has noted the occasional absence of a crest 
between the deuterocone and tritocone in P* of Hyracotherium 
craspedotum but I do not believe these teeth would otherwise be 
confused. 

The tapiroid upper molars are readily distinguished from Heptodon 
in the more buccally situated metacone, which is decidedly conical and 
externally ribbed. Moreover, M; has a particularly well-developed 
and somewhat basined hypoconulid portion. The crests of the molars, 
both uppers and lowers, are rather less elevated than in Heptodon. 

A rather close correspondence is seen to Graybullian material of 
Homogalax primaevus but with specimens rather near the lower limit 
in size. The molars, however, are relatively a little lower crowned than 
in most of the Homogalax material examined. A close resemblance 
is also evident in comparisons with the much larger materials of 
Bridger Parisectolophus, but these later specimens show a relatively 
longer trigonid portion in the lower molars, with a tendency toward 
development of a basin approximating that of the talonid. 

Heretofore Homogalax has been considered as indicative of Gray- 
bullian time but now there would appear to be little doubt but that 
this genus, or a closely related isectolophid, is present in beds of 
Lost Cabin age, in association with Heptodon and Lambdotherium. 
The encountering of such a form in these beds is, of course, not unex- 
pected because of the continuity of this line into Bridgerian and 
Uintan time. 


HELALETIDAE 
HEPTODON VENTORUM (Cope) 
(Plate 13, figure 12) 


Nearly all of the La Barge tapiroid material can, on the basis of 
size, be regarded as typical Heptodon ventorum, although as previ- 
ously noted (1952) most of these specimens have teeth a little smaller 
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than in the type, but the correspondence is closer than it is to the type 
of H. calciculus. 

With regard to the New Fork materials of Heptodon, excluding a 
very small Dp‘, the average size of teeth in some 20 specimens is 
distinctly larger, including specimens more nearly corresponding to 
the type of H. posticus. There is, nevertheless, an overlap in range 
with the La Barge suite. These New Fork materials are surely of a 
single species but, because of overlapping range, they should probably 
be regarded as representing a mutation in time. Possibly this could 
be cited as H. ventorum mut. posticus. 

A similar situation, but with specimens of smaller average size than 
in the La Barge sample, is noted in the Fossil Basin collections con- 
sidered as Lysitean in age. Material from the type Knight and from 
the distinctly reddish beds high beneath the Green River shale on 
Fossil Butte include the specimens cited in 1952 as Heptodon ven- 
torum. Additional material from both localities, including an M; from 
Knight station and four lots of associated tooth fragments from 
Fossil Butte, corresponds more nearly to the H. calciculus type. Again 
the degree of difference involved here cannot be regarded as more than 
subspecific and represents a mutation in time. Nevertheless, in con- 
sidering the upper and lower ranges represented, for example, by 
H. ventorum calciculus and H. ventorum posticus, a difference is 
involved that is surely of full species value. It appears, moreover, that 
we are faced with an association of these two in the New Fork horizon 
from which a single very small Dp‘ can scarcely be included with the 
material of H. v. posticus. A small tapiroid seems evident also in the 
Wasatchian(?) beds to the northwest of the Oregon Buttes, repre- 
sented by a comparatively small jaw in which the molar teeth have 
lost most of their enamel. I suspect that Bridger Helaletes was 
derived from a small variant of Heptodon and not H. v. posticus. 

A situation particularly difficult of interpretation is presented by 
the Heptodon materials from the Dad locality. The four specimens 
from here in the National Museum collections, known to have come 
from the same horizon, can readily be allocated to Heptodon ven- 
torwm (s.s.), much as in the case of the La Barge materials. One of 
these (U.S.N.M. No. 22408; pl. 13, fig. 12) is a well-preserved lower 
jaw which corresponds rather closely in length of tooth row to the 
type of H. ventorum, although the width of the teeth is a little less. 
Included in the University of California materials from the Dad area, 
however, are remains of an immature individual (No. 43703) which 
includes maxillae, jaws, and some fragmentary limb material of a 
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distinctly smaller form. Teeth from Dp2 to M2 of both upper and 
lower series are included and the lower molars are actually a little 
smaller than in the type of H. calciculus. Also in the U. of C. collec- 
tion is an isolated upper molar of unusually large size. This, however, 
is described in field notes as coming from float along the base of the 
escarpment, so that its level is not known, except that it is likely from 
beneath the Tipton tongue. It would seem here from a limited number 
of specimens that more than one species is represented, but allocation 
of material is not readily evident. 

A revision of the Eocene tapiroids undertaken by Leonard Radinsky 
at Yale University should furnish information having a direct bearing 
on this problem. 


HYRACHYIDAE 
HYRACHYUS, cf. MODESTUS (Leidy) 
(Plate 12, figures 3 and 4) 


Hyrachyus is now known to be represented in the Cathedral Bluffs 
member in the three principal areas in which these beds are exposed. 
In addition to the specimen which includes the M* (U.S.N.M. 
No. 22771; pl. 12, fig. 3) discussed in 1952, there is another asso- 
ciated lot of tooth fragments from the New Fork beds which includes 
a complete P* (U.S.N.M. No. 22772; pl. 12, fig. 4), and an isolated P,. 
The partial dentitions from the Cathedral Bluffs of the Washakie 
Basin were described and figured by Morris (1954). Not previously 
recorded is a lower jaw with P.-M; (U.S.N.M. No. 22773), rather 
poorly preserved however, from the beds mapped as the Cathedral 
Bluffs member to the southwest of Continental Peak, near the bound- 
ary between Sweetwater and Fremont Counties. All these materials 
can be closely matched with Bridger specimens that have been re- 
ferred to one or another of the various species that Wood (1934) 
has placed in synonymy with Hyrachyus modestus, a situation entirely 
comparable to that noted by Wood for the Hyrachyus specimens from 
the Lost Cabin beds of the Wind River Basin. So far no material 
that can be referred to this genus has been found in the Knight beds 
below the Tipton tongue. 


ARTIODACTYLA 
DICHOBUNIDAE 
DIACODEXIS, cf. METSIACUS (Cope) 


Five lower jaw fragments, one of these (U.S.N.M. No. 22240) 
with P,, M;, and Ms, and a second (U.S.N.M. No. 22241) with 
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M.-Msz, from the Gray Bull horizon of the Knight west of Elk Moun- 
tain in the Fossil Basin represent Diacodexis, and may well be of the 
common Wasatchian form of the Bighorn Basin, Diacodexis met- 
siacus. An Ms; in one jaw portion (U.S.N.M. No. 22242) would 
appear to be large for this species, but it is not as large as that indi- 
cated by Sinclair (1914, p. 293) for Diacodexis robustus. Reasons 
for regarding D. metsiacus distinct from D. chacensis were previously 
(Gazin, 1952, p. 71) stated. 

Isolated teeth from the Gray Bull levels at Bitter Creek Station and 
in the Red Desert east of Steamboat Mountain may also represent this 
species, as well as a last lower molar from the Wasatchian of uncertain 
level just to the north of Tipton Butte. 

The two jaws from the type Knight near Knight Station, cited by 
Van Houten (1945, p. 458; see also Gazin, 1952, p. 72) as Diacodexis, 
sp., have since been located in the American Museum collections and 
found to be of Hexacodus. 


DIACODEXIS, near D. SECANS (Cope) 


A second specimen in the La Barge fauna representing a species 
of Diacodexis that appears to be somewhat larger than D. metsiacus 
was found to the west of Big Piney by N. P. Privrasky of the U. S. 
Geological Survey near the area mapped as Almy by Schultz (1914). 
The jaw (U.S.N.M. No. 22243) contains only the last lower molar, 
which is slightly larger than that in No. 19218 from 12 miles north 
of Big Piney. An upper molar (U. of C. No. 43885) from near Dad, 
however, seems relatively small for this species. Possibly this should 
have been referred to D. metsiacus, but, in the absence of information 
concerning range in size of teeth of D. secans, it is tentatively included 
here because of the horizon represented. An incomplete M; in the 
New Fork collections may also be included with these as possibly 
representing Diacodexis secans. 


DIACODERIS, cf. ROBUSTUS Sinclair 


Some jaw fragments and teeth, including an upper and two lower 
molars of a large form of Diacodexis were found by McKenna’s 
party near Dad, Wyo. The specimens have the University of Cali- 
fornia number 46707 but evidently they do not all come from the same 
individual. The teeth are of a size comparable to those from the 
Gray Bull described by Sinclair (1914) as Diacodexis robustus. The 
relative width of M,, however, might suggest a closer relationship to 
much smaller Diacodexis olseni, which is a Lost Cabin species. A 
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large M,., though, does not appear to be relatively so wide as in 
D. olseni. I suspect that Diacodexis olseni may be no more than a 
variant of Diacodexis secans, whereas D. robustus would appear to 
be a distinctive species in Gray Bull time and may have continued on 
into Lost Cabin time in the Washakie Basin. 


BUNOPHORUS, cf. MACROPTERNUS (Cope) 
(Plate 14, figures 6 and 8) 


An additional lower jaw of Bunophorus, cf. macropternus exhibit- 
ing Ps-P, and M,-M; (U.S.N.M. No. 22445) was encountered in 1959 
in the Knight beds beneath the Fontenelle tongue in the upper part 
of the Green River Basin. Also, an isolated Mz (No. 43823) in the 
University of California collection from beneath the Tipton tongue 
south of Dad, Wyo., may well represent the same species. The latter 
is a little smaller than M; in No. 19210 (pl. 14, fig. 8) or No. 22445 
from near Big Piney tentatively referred to B. macropternus, but is 
less worn. It shows no evidence of a paraconid. 


BUNOPHORUS, cf. ETSAGICUS (Cope) 
(Plate 14, figures 7 and 9) 


A lower jaw (U.S.N.M. No. 22244) with M,-M; (pl. 14, fig. 9) 
and an isolated M*, apparently belonging to a species of Bunophorus, 
were found in the New Fork beds to the east and southeast of Big 
Piney. Teeth in the lower jaw are only a little longer than those in 
Bunophorus, cf. macropternus, from beneath the Fontenelle tongue, 
but are much broader. They appear also to be possibly a little lower 
cusped and with less evidence of a cingulum, in addition to a somewhat 
more inflated appearance. 

The M® (U.S.N.M. No. 22245; pl. 14, fig. 7), if correctly referred, 
shows that upper teeth of the New Fork species were slightly larger 
but with lower and more inflated-appearing cusps than the form 
in the La Barge fauna. 


HEXACODUS PELODES Gazin 
(Plate 7, figure 2; plate 14, figures 1-4) 


Several more specimens of Hexacodus pelodes have been found in 
the Knight exposures in the vicinity of Big Piney and La Barge, 
and lower jaw portions that are referred to this species have also been 
discovered in the New Fork beds (pl. 14, fig. 4). Moreover, a jaw 
fragment with a single lower molar in the University of California 
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collection (No. 43799) shows this form to be represented in the Dad 
fauna from beneath the Tipton tongue in the Washakie Basin, and 
two last lower molars from the Cathedral Bluffs tongue aboye, identi- 
fied by Morris (1954, p. 197) as Microsus, I cannot distinguish from 
this tooth in H. pelodes. 

The two jaws from the Knight at Knight Station, earlier referred 
to Diacodexis?, sp. (1952, p. 72), have since been located in the 
American Museum collections and found to represent Hexacodus. 
One of them, A.M. No. 12843, may well be of H. pelodes, to judge 
by the preserved molar, although P, is relatively slender and lacks 
both paraconoid and metaconid, suggesting a distinct species. How- 
ever, this tooth seems highly variable in H. pelodes, between specimens 
in which the molars cannot be distinguished. In fact, no two P,’s 
among these have been found that are quite alike. 

Of particular interest is the discovery, in recent collections repre- 
senting the La Barge fauna, of upper teeth that may belong to this 
small artiodactyl. One specimen is a maxillary fragment with M* and 
M? (U.S.N.M. No. 22248; pl. 14, fig. 1) and another an isolated upper 
molar (U.S.N.M. No. 22434; pl. 14, fig. 3), possibly Mt. A second 
maxilla regarded as belonging to Hexacodus pelodes, found by a 
University of Wyoming field party (U. of Wyo. No. 1779) in the 
La Barge horizon, is important in displaying P* and P* as well as M? 
and part of M! (pl. 7, fig. 2). The premolars are comparatively large, 
as would be expected from consideration of the large and somewhat 
inflated lower fourth premolar, and exhibit an enamel rugosity more 
evident than in the molars. The talon, moreover, is broad and 
prominent in both P® and P* and has a well-developed deuterocone. 
No tritocone is present. 

Among other Wasatchian artiodactyls, P* is known in both Dia- 
codexis and Wasatchia. In Diacodexis this tooth is much more 
elongate, anteroposteriorly, and the talon is not nearly so well de- 
veloped. It exhibits, moreover, a more prominent parastyle and a 
distinctive tritocone, quite unlike Hexacodus. Sinclair’s illustration 
of P® (1914, fig. 2) in Wasatchia dorseyana shows this tooth to be 
relatively small and with little evidence of a talon. P* in No. 1779 is 
rather less distinctive but in comparison with Diacodexis it is seen to 
have more inflated cusps with a higher saddle between them. 

Among Bridgerian artiodactyls, P* is recorded only for Homacodon. 
This tooth in Hexacodus is more suggestive of Homacodon than it is 
of Diacodexis, but the anteroposteriorly broader talon and the absence 
of a tritocone distinguish it from Homacodon. P*, again, is rather less 
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distinctive and resembles that in Helohyus and Antiacodon as well as 
Homacodon. A difference, however, perhaps more noticeable with 
reference to Antiacodon and Homacodon than to Helohyus, lies in 
the higher, more inflated appearance of the deuterocone and somewhat 
less transverse width of the tooth. 

The upper molars, as exhibited in U.S.N.M. No. 22248 and U. of 
Wyo. No. 1779, have a rectangular appearance, rather distinctive in 
comparison with Diacodexis. The protocone, though well developed, 
is not so large and inflated as in Diacodexis and the accessory cusps, 
the protoconule and metaconule, are larger and more conical than in 
that genus. Particularly noticeable is the strong development of the 
cingulum anterointernally and posterointernally, and weakly or not at 
all across the protocone, giving the talon a square appearance. Antero- 
internally, the nearly right-angle flexure of the cingulum shows little 
or no evidence of a cuspule. Posterointernally, the cingulum rises 
distinctly to form a low, well-separated hypocone with a slight crest 
extending away from the cingulum toward the metaconule on M?, but 
toward the protocone on M?. 

The upper molars, believed to be of Hexacodus pelodes, are seen 
to resemble much more closely those of Microsus and Homacodon 
than they do those of contemporary Diacodexis; although the hypo- 
cone is much less developed and the accessory cusps have better- 
defined crests than in the Bridger genera. Homacodon differs from 
Microsus essentially in more inflated cusps and shows development 
of the cingulum lingually in upper molars. In the cf. Hexacodus speci- 
mens the crest from the anterior portion of the metaconule to the 
anterointernal part of the metacone and the posterior crest from the 
metaconule to the cingulum are more pronounced. In A.M. No. 
12146 of Microsus cuspidatus this posterior crest is absent, but in 
A.M. No. 12696 it is weakly developed. A.M. No. 12696 of M. 
cuspidatus resembles cf. H. pelodes in almost every way except in 
greater development and more conical form of hypocone and gener- 
ally more subdued crests. It should be noted, moreover, that while the 
hypocone of cf. H. pelodes rises from the cingulum, in certain speci- 
mens of Microsus, though not all, the cingulum has become developed 
part way around the hypocone. Furthermore, the anterointernal angle 
of M, in cf. H. pelodes is a little less rounded than in Microsus and 
both molars show a slight mesostyle or rise in the cingulum more sug- 
gestive of Antiacodon. 

In Antiacodon, as represented by A.M. No. 12043, the cusps of the 
upper molars are very conical and the hypocone in Ms, at the lingual 
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extremity of the posterior cingulum, is about the size of the proto- 
conule and metaconule, larger than in cf. Hexacodus pelodes but 
smaller than in Microsus. The protocone in Antiacodon is relatively 
larger and does not appear so forward as in either of these. The 
relative position of the protocone apparently results from the develop- 
ment of an anterointernal cusp at the lingual extremity of the anterior 
cingulum, immediately anterior to the protocone. It is smaller than the 
accessory cusps, but rather distinctive. 

It would seem from the foregoing that although the lower jaws of 
Hexacodus pelodes most strongly suggest Antiacodon among the 
latter forms, with some variation in the direction of Microsus, Knight 
upper molars thought to be of Hexacodus are somewhat more sug- 
gestive of Microsus, that is, if upper teeth of Antiacodon (A.M. No. 
12043) are properly referred. Possibly a second genus is represented 
by the Knight upper teeth, but I am more inclined to believe that 
variation within the genus, as noted, for example, in the varied de- 
velopment of P, in H. pelodes, may be sufficient to accommodate an- 
cestry for more than one of the bunodont artiodactyls of the Bridger. 
With regard to this it may be noted that, although premolars are not 
known, the lower molars of H. uintensis, with their somewhat longer 
trigonids than in H. pelodes, could possibly have given rise to those 
of Helohyus. Bridger Helohyus, in addition to greater size, differs 
from the earlier form, so far as known, only in more inflated cusps 
with some reduction of the posterior cingulum and its hypoconulid. 


MEASUREMENTS IN MILLIMETERS OF UPPER TEETH 
In cF. Hexacodus pelodes 


U.S.N.M. U. of Wyo. 
No. No. 
e ’ ? 22248 1779 
P*, anteroposterior diameter : greatest transverse 
RRO AEE EMEG fogs ni eo ets oho vis Wi sia aj 4.6 eins! oy0 oa Sinisa. 4.3: 4.3 
P*, anteroposterior diameter : greatest transverse 
Lie SCELLETS 2 egal ia ae ge al le ee 4.1: 5.1 
M’, anteroposterior diameter buccally : transverse 
diameter of anterior portion...............20005 4.2:4.8 
M?, anteroposterior diameter buccally : transverse 
diameter of anterior portion. ............0.0000- 4.6:5.8 4.7:5.6 


HEXACODUS UINTENSIS Gazin 
(Plate 14, figure 5) 


A second jaw portion of Hexacodus uintensis has been found in the 
vicinity of Fossil Butte in the Fossil Basin. The preserved M, 
(U.S.N.M. No. 22250) corresponds almost exactly to that in the type 
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(P.U. No. 16175) and was found at about the same level in the 
Knight but in the patch of Badlands forming the saddle to the north 
of Fossil Butte. Also the second of the two jaws from Knight Station, 
earlier referred to as Diacode.xis? sp. (1952, p. 72), since located in 
the American Museum collections and found to be of Hexacodus, 
evidently represents the larger H. wintensis. The specimen (A.M. No. 
12844) includes M, and Ms; and is seen to correspond closely in the 
form of M, to the type. The other specimen, A.M. No. 12843, from 
Knight Station, as discussed in the preceding section, appears to be of 
Hexacodus pelodes. 

A careful search of Gray Bull materials from the Bighorn Basin in 
both the American Museum and National Museum collections has 
turned up only one specimen of Hexacodus among materials labeled 
Diacodexis. The specimen (A.M. No. 4140) is a lower jaw with M, 
and M; and resembles most closely Hexacodus uintensis in the relative 
proportions of the lower molar trigonids. It is interesting to note that 
this was the specimen selected by Osborn to typify Trigonolestes 
(=Diacodexis) metsiacus in his “Evolution of Mammalian Molar 
Teeth” (1907, p. 171, fig. 152B). Hexacodus is evidently very rare 
in the Gray Bull horizon and so far has not been observed in this level 
of the Knight. It has not been found, or at least not recognized, in any 
of the horizons of the Wind River Basin, or the higher levels of the 
Bighorn Wasatchian. 
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EXPLANATION OF PLATES 
PLATE I 


MARSUPIAL, INSECTIVORES, PRIMATES, AND TILLODONT FROM THE 
LOWER EOCENE OF WYOMING 


Fic. 1. Peratheriwm morrist, new SpecieS......cccccccscacccccccceccccece 2I 
Right ramus of mandible (P.U. No. 16115), type specimen, occlusal 
and lateral views. 5 X natural size. Cathedral Bluffs, Washakie 
Basin, Wyoming. 
Fic. 2. Amaramnis gregoryi, new genus and species.............eccceeees 24 
Left ramus of mandible with Ma and Ms (Y.P.M. No. 14702), type 
specimen, occlusal and lateral views. 4X natural size. Bitter Creek, 
Washakie Basin, Wyoming. 
BiG. °G.  SNenye) Ch, GEMTMENS) CODES. o's cis ie 'e «dais ia'ee's wale sins ee eRe 42 
Right ramus of mandible with Dp. to Ms (U.S.N.M. No. 22124), oc- 
clusal and lateral views. 134 X natural size. New Fork, Green River 
Basin, Wyoming. 
Fic g-Palanctopspineyensis: (Gazin) 080 666 vets cacao les es ce 22 
Right ramus of mandible with Ps (U.S.N.M. No. 22123), occlusal and 
lateral views. 4X natural size. La Barge, Green River Basin, 
Wyoming. 
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Fic. 5. Palaeictops, cf. tauri-cineret (Jepsen) ......cccccccccccccccccccce 
Right upper molars, M*-M* (U.S.N.M. No. 22122), occlusal view. 
4X natural size. Bitter Creek, Washakie Basin, Wyoming. 
Fic. 6. Cynodontomys angustidens Matthew............ccccccccceccccces 
Right upper molars, M*-M? (U.S.N.M. No. 22121), occlusal view. 
4X natural size. Bitter Creek, Washakie Basin, Wyoming. 
Fic. 7. Cynodontomys knightensis Gazin........cccccccccccccccccccccess 
Right upper cheek teeth, P*-M* (U.S.N.M. No. 22106), occlusal view. 
4X natural size. La Barge, Green River Basin, Wyoming. 
Pica. Cynocontomys scotnanus (Cope)..-2.scecsccon cus seen et ec lee 
Upper cheek teeth, P?-M* (U.S.N.M. No. 22117), P*-M? from left side, 
P*-P* reversed from right side, occlusal view. 4 natural size. New 
Fork, Green River Basin, Wyoming. 


PLATE 2 


41 


41 


PRIMATES AND INSECTIVORE FROM THE LOWER EOCENE OF WYOMING 


PAGE LOVEE  SEDILVEDS SIINDSON «ars cusigja init dievercie ars mee ejeiaraiss/alsiae.6 Sarsemine 
Left ramus of mandible, Ps-M:i (A.M. No. 32517), type specimen, oc- 
clusal and lateral views. 5 X natural size. Lost Cabin, Wind River 
Basin, Wyoming. 
Bic. 2, Chlorarnysis enrgniensis’ Gazin. v.00. ede edu cte ced ouscereeuee t's 
Right ramus of mandible, Mi (U.S.N.M. No. 22385), occlusal and 
lateral views. 5X natural size. La Barge, Green River Basin, 
Wyoming. 
BIGSs 3.4: OMOMYs ShCGE, NEW SPECICSS «62 oeios op cies ate coon cee est ont ee tc 
3, left ramus of mandible, Ms (U.S.N.M. No. 19197), occlusal and 
lateral views. 4, Right ramus of mandible, Ms-Ms (U.S.N.M. No. 
22384), type specimen, occlusal and lateral views. 5 X natural size. 
La Barge, Green River Basin, Wyoming. 
BIG. Ga OO MONEYS SUMUNES. LOOMS oe cis cots cassis tis closets caren acts 3.0 wie oie tre 
Right ramus of mandible, Mi-Ms (A.C.M. No. 3365), type specimen, 
occlusal and lateral views. 5 xX natural size. Lysite, Wind River 
Basin, Wyoming. 
Fic, 6. Phenacolemur, ch. praccox Matthew... 0. sve s.ccccccceccted tees 
Left ramus of mandible, Mz and part of Mi (Y.P.M. No. 14062). 
Occlusal view 4% X natural size; lateral view 3X natural size. 
Bitter Creek, Washakie Basin, Wyoming. 
Pic. A paicmys RUTSelers, NEW SPECIES. cn cccc sos cccsenscncdeeec esse cecs 
Right ramus of mandible, I, Mz, and part of Mi (U.S.N.M. No. 22386), 
occlusal and lateral views. 4 X natural size. La Barge, Green River 
Basin, Wyoming. 


PLATE 3 


PRIMATES FROM THE LOWER EOCENE OF WYOMING 


Fie. 1. Anemorhysis sublettensts (Gazin)..........cccceccncccccccvccccs 

Left ramus of mandible, Pa-Mz2 (U.S.N.M. No. 19205), type specimen, 

occlusal and lateral views. 5 X natural size. La Barge, Green River 
Basin, Wyoming. 


33 


31 


31 


39 


26 


34 
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Fic. 2. Anemorhysis? muscula (Matthew) ......cseceeececcsecccescccees 37 
Left ramus of mandible with Ms (A.M. No. 12830), type specimen, 
occlusal and lateral views. 5 X natural size. Lysite, Wind River 
Basin, Wyoming. 
Fics. 3-5. Tetonoides pearcei, new genus and Species..........+.-eeeeceee 35 
3, Right ramus of mandible with Mz (U.S.N.M. No. 22383), occlusal 
and lateral views. 4, Left ramus of mandible, Mi-Ms (U.S.N.M. 
No. 22382), occlusal and lateral views. 5, Right ramus of mandible, 
P:-P, (Y.P.M. No. 14084), occlusal and lateral views. 5 X natural 
size. Bitter Creek, Washakie Basin, Wyoming. 
Fics. 6,7. Tetonoides tenuiculus (Jepsen) «vss </aishore vi<ys\ +saissolotm oldlx'e oitopaeret 35 
6, Right ramus of mandible, Ps-M2 (A.M. No. 15066), occlusal and 
lateral views. 7, Left ramus of mandible, Ms-Ms (U.S.N.M. No. 
19154), occlusal and lateral views. 5 X natural size. Gray Bull, Big- 
horn Basin, Wyoming. 


PLATE 4 


PRIMATES AND RODENTS FROM THE LOWER EOCENE OF WYOMING 


Fic: 1. Absarokwms noctivagus Matthew. 2:.% ses sieielem ouctels sreete seieeetoeianie 38 
Right maxilla, P?-M* (U.S.N.M. No. 22264), occlusal view. 5%4 X 
natural size. La Barge, Green River Basin, Wyoming. 
Fics. 2-4. Pelycodus?. practutus,. new .SpecieS ... 24 os\s)<4s ancien ce oes 28 
2, Left ramus of mandible, Ps-Ps (Y.P.M. No. 14697), occlusal and 
lateral views. 3, Left ramus of mandible with Ms (Y.P.M. No. 
14698), occlusal and lateral views. 4, Right ramus of mandible, Ps 
(incomplete)-Mz (U.S.N.M. No. 22262), type specimen, occlusal and 
lateral views. 2 > natural size. Bitter Creek, Washakie Basin, 
Wyoming. 
Big... (Notharcius limosus, Gazin. boca. caclonietislelnn See e ee eee 29 
Left lower premolars, Ps-P.:, and right lower molars, Mi-Ms (U.S.N.M. 
No. 19294), type specimen, occlusal view. 2 X natural size. La Barge, 
Green River Basin, Wyoming. 
Fics: 6,7.. Scwuravus ‘wtlsons Gazins, Govk.siecis vies nice es 60 sae anceen eee 49 
6, Right ramus of mandible, Ps-M2 (U.S.N.M. No. 22425), type speci- 
men, occlusal and lateral views. 5% X natural size. 7, Right maxilla, 
M*-M® (U.S.N.M. No. 22424), occlusal view. 5 X natural size. New 
Fork, Green River Basin, Wyoming. 
Fic, 8. Paramys, cl.vexcavatis Loomis oa0ss s.. vorseleocin ew tle oe oe Cee 45 
Right lower molars, Mi-Ma (U.S.N.M. No. 22423), occlusal view. 
434 X natural size. Bitter Creek, Washakie Basin, Wyoming. 


PLATE 5 


PRIMATES AND RODENTS FROM THE LOWER EOCENE OF WYOMING 


Fic. 1. Tetonoides pearcei, new genus and species............cseeececees 35 
Right ramus of mandible, Ps-Mz (U.S.N.M. No. 22426), type speci- 
men, occlusal and lateral views. 5X natural size. Bitter Creek, 
Washakie Basin, Wyoming. 
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Fic. 2, Omomys, ch. vespertinus Matthew... oss 0-ectsccecoscvccecceces 32 
Right ramus of mandible, Mi-Mz (U. of Wyo. No. 1647), occlusal and 
lateral views. 5X natural size. Red Desert, Continental Divide 
Basin, Wyoming. 
Exe 3. Absarokius, near) A. cobotts (LOOMIS) . 6. se oes. 0ccs ssc sie saisieowe 37 
Right ramus of mandible, Ps-Ms (U. of Wyo. No. 1644), occlusal and 
lateral views. 4X natural size. Red Desert, Continental Divide 
Basin, Wyoming. 
Bic. 4. dUiniasorex, ci parvulus Matthews. .icie ccs ikis dees eescsacvcioneus 39 
Right ramus of mandible, Mx-Ms (U. of Wyo. No. 1646), occlusal and 
lateral views. 6X natural size. Red Desert Lostcabinian, Great 
Divide Basin, Wyoming. 
BIGS*5, G4 MMGHIOMNS SENOT Gagne Gs slik iok «adele os cote cone a eeee eee 46 
5, Left lower molars, Me2-Ms, and right lower cheek teeth, Pi-Me 
(U.S.N.M. No. 22415), occlusal view. 6, Right ramus of mandible, 
Pu-Mz (U.S.N.M. No. 19308), type specimen, occlusal and lateral 
views. Occlusal views 6 X natural size; lateral view 3 x natural 
size. La Barge, Green River Basin, Wyoming. 
irc. 75) Dawsononvys. ze00ds (Gazits iti edocs dhe csccsctawececev ceases 48 
Left lower cheek teeth, Ps-M: (U.S.N.M. No. 109300), type specimen, 
occlusal view. 6X natural size. La Barge, Green River Basin, 
Wyoming. 
Fies..6,G “Semravus depressus TO0miS... 21.2. «oc. cess cis oe eclewie akc eet 48 
8, Right upper cheek teeth, M’-M* (A.C.M. No. 432), type specimen, 
occlusal view. 9, Left ramus of mandible with Mi (A.C.M. No. 458), 
occlusal and lateral views. Occlusal views 6 X natural size; lateral 
view 3 X natural size. Lysite, Wind River Basin, Wyoming. 


PLATE 6 


CARNIVORES FROM THE LOWER EOCENE OF WYOMING 


IGS. T.2: 4p SINOVG, Cle TI PECHIG NLALEHOW este» «as ceria lino aq sfstane si nie'e.oje setiers 55 
1, Right upper cheek teeth, P’-M* (U.S.N.M. No. 19347), occlusal view. 
2, Left ramus of mandible, P2-Ms(part) (U.S.N.M. No. 19347), 
occlusal and lateral views. Occlusal views 114 X natural size; lateral 
view natural size. La Barge, Green River Basin, Wyoming. 
Eig. 3. Simopar possibly: 0. GIVEN TINE COPC® «.<.sin'cin oye civ a rela sissjeace cc, 0.6 eve ees 54 
Right ramus of mandible, C-Ms(restored from left side) (U.S.N.M. 
No. 22456), occlusal and lateral views. Occlusal view 1% X natural 
size, lateral view natural size. La Barge, Green River Basin, 
Wyoming. 
Ric, 4.. Sinopa, ci. amiuliicuspes: (Cope) rasa POC Re, LI us ob elslclele acerd 55 
Right ramus of mandible, Mi-Mz (U.S.N.M. No. 22459), occlusal and 
lateral views. Occlusal view 11%4 X natural size; lateral view natural 
size. Bitter Creek, Washakie Basin, Wyoming. 
Fre. 5. Prolunnocyon, ct. antiquus. Matthew... osia0: 2 cewes 2.8%. oiled eles Ye: 53 
Left ramus of mandible, Ps-Me2 (restored from right side) (U.S.N.M. 
No. 22452), occlusal and lateral views. Occlusal view 1% X natural 
size; lateral view natural size. New Fork, Green River Basin, 


Wyoming. 
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Fic. 6. Prolimnocyon elisabethae Gazin...........ceece eee eee cece eescees 53 
Left ramus of mandible, C and P2-Ma (U.S.N.M. No. 19350), type 
specimen, occlusal and lateral views. Occlusal view 12 X natural 
size; lateral view natural size. La Barge, Green River Basin, Wy- 
oming. 


PLATE 7 
CARNIVORES AND ARTIODACTYL FROM THE LOWER EOCENE OF WYOMING 


Fics. 1,4. Didymictis altidens Cope......c.cccccecsccevcenccccesicnnsces 56 
1, Right ramus of mandible, Ps-Mz (U.S.N.M. No. 19354), occlusal and 
lateral views. Natural size. La Barge, Green River Basin Wyoming. 
4, Right lower molar, M: (P.U. No. 16113), occlusal and lateral view. 
Natural size. Cathedral Bluffs, Washakie Basin, Wyoming. 
Bre. 2 Ci, Heracodus pelodes Gazin, . ss <A..00ms 05% = hasan ees eee 82 
Right upper cheek teeth, P*-M* (U. of Wyo. No. 1779), occlusal view. 
3 X natural size. La Barge, Green River Basin, Wyoming. 
Bic. 3.. Didymictis. protenus (Cope) « .. s226 00: vem sb 50.0 manne eee 56 
Right ramus of mandible, Pe-Mi (U.S.N.M. No. 22457), occlusal and 
lateral views. Natural size. Bitter Creek, Washakie Basin, Wyoming. 
Fics. 5,7. Vaverravus lutosus Gazin. oss. sscdcck es sseescenesanesemaeeee 58 
5, Right ramus of mandible, P2-Mi (U.S.N.M. No. 19339), type speci- 
men, occlusal and lateral views. 2X natural size. La Barge, Green 
River Basin, Wyoming. 7, Right ramus of mandible, Ma and talonid 
of M: (U.S.N.M. No. 22464), occlusal and lateral views. 2X natural 
size. New Fork, Green River Basin, Wyoming. 
Fics. :6, 8. Usitacyon: asades Gazinls. osieidas cc edesstecccs os et cece eee 58 
6, Left ramus, P.-Msa (U.S.N.M. No. 22468), occlusal and lateral views. 
Occlusal view 1% X natural size; lateral view natural size. New 
Fork, Green River Basin, Wyoming. 8, Left ramus of mandible, 
C, Ps-M: (U.S.N.M. No. 19351), type specimen, occlusal and lateral 
views. Occlusal view 14 X natural size; lateral view natural size. 
La Barge, Green River Basin, Wyoming. 
Fic. 9. Viverrauus, ch. acutis Matthew... .scscsc sneicadsnateccee eee 57 
Right ramus, Ps-Mi (U.S.N.M. No. 22465), occlusal and lateral views. 
2X natural size. Bitter Creek, Washakie Basin, Wyoming. 


PLATE 8 


CARNIVORES FROM THE LOWER EOCENE OF WYOMING 


Fas. 1. Meacis, cf.. latidens. Matthew. . ...c..iaaduie ceescedinesn tele 50 
Left ramus of mandible, Ps-Ms (U.S.N.M. No. 19335), occlusal and 
lateral views. 14 X natural size. La Barge, Green River Basin, 
Wyoming. 
rus.,2.. /ulpanus, ci...asius, Gazin. cys ca Reece kk Mee 60 
Left ramus of mandible, Ps-Ms (Mi: restored from right side) 
(U.S.N.M. No. 22471), occlusal and lateral views. Approximately 
136 X natural size. New Fork, Green River Basin, Wyoming. 
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BRrGe Bae Wl PGMA SIES GAZI Sooo ic a 5:61 6! nije, 0 dho,s, 6,5, a.Giu leis assis, soe BE Re «0 tesls 
Left ramus of mandible, Ps, Mi-Ma (U.S.N.M. No. 19337), type speci- 
men, occlusal and lateral views. 114 X natural size. La Barge, Green 
River Basin, Wyoming. 
BG GE WIP aS ASDe: a siaiaie Sess eearele Sslaidinins = sidatdle emeidisisiavs! sjeesisansiese ss 
Right upper molars, M’-M? (U.S.N.M. No. 22473), occlusal view. 2X 
natural size. Bitter Creek, Washakie Basin, Wyoming. 
BiG, he Ct. Vial pavus. Gus traless Mattie wccic sia'scje 4;e, clsles o-ajsis a6, .0',svesaieie’s oi 
Right upper molar (U.S.N.M. No. 22474), occlusal view. 2X natural 
size. Fossil Butte, Fossil Basin, Wyoming. 
Pic, 6.. Hapalodectes: compressus: Matthews... scsccssccssevcscncsvcecyss 
Right ramus, Pi-Ms (teeth incomplete) (U.S.N.M. No. 22447), oc- 
clusal and lateral views. Approximately 134 natural size. New 
Fork, Green River Basin, Wyoming. 


PLATE 9 


CONDYLARTHS FROM THE LOWER EOCENE OF WYOMING 


Fics. 1-4. Haplomylus spetrianus (Cope) ...scccccccccccccssccccccccsess 
1, Right upper molars, M*-M? (Y.P.M. No. 14077), occlusal view. 4X 
natural size. Bitter Creek, Washakie Basin, Wyoming. 2, Left ramus 
of mandible, Mi-Ms (U.S.N.M. No. 22429), occlusal and lateral 
views. 4X natural size. Elk Mountain, Fossil Basin, Wyoming. 
3, Right ramus of mandible, Pa-M: (U.S.N.M. No. 22428), occlusal 
and lateral views. 4 X natural size. Red Desert, Continental Divide 
Basin, Wyoming. 4, Right ramus of mandible, Ma-Ms (U.S.N.M. 
No. 22427), occlusal and lateral views. 4 natural size. W. of Elk 
Mountain, Fossil Basin, Wyoming. 
BiGs. S75 Avopsodus, Cl looméest, MCKeHne 2 v.i% o.6\s /e;sin\ 01s 0/618 sinew «i eieie <poie'e 
5, Right ramus of mandible, Ps(part)-M: (U.S.N.M. No. 22430), oc- 
clusal view. 6, Left ramus of mandjble, Ps-M:i and part of Ms 
(U.S.N.M. No. 22583), occlusal view. 7, Right ramus of mandible, 
Ps-Mez (U.S.N.M. No. 22584), occlusal view. 4 X natural size. Bitter 
Creek, Washakie Basin, Wyoming. 
FIGs .uoxo: wehenacoduss ct vortmans COpes a. css vie ies sole oo areictereisis{civisisiaters 
8, Left upper cheek teeth, P*-M? (U.S.N.M. No. 22433), occlusal view. 
9, Right ramus of mandible, Ps-Ms (U.S.N.M. No. 22433), occlusal 
and lateral views. 1%4 & natural size. Elk Mountain, Fossil Basin, 
Wyoming. 


PLATE IO 


MENISCOTHERIUM FROM THE LOWER EOCENE OF WYOMING 


Fics. 1,2. Meniscotherium robusiwm Thorpe......cceescccsccccccccccces 
1, Left upper dentition, I?, C, P*?-M* (U.S.N.M. No. 18314), occlusal 
view. 2, Right ramus of mandible, Ps-Ms (U.S.N.M. No. 18314), 
occlusal and lateral views. 134% natural size. La Barge, Green 
River Basin, Wyoming. 
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Fics. 3,4. Meniscotherium, cf. chamense Cope..........sccscccccecsccees 

3, Left upper dentition I°-M* (U.S.N.M. No. 22435), occlusal view. 

4, Left ramus of mandible, Is-Ms (U.S.N.M. No. 22435), occlusal and 

lateral views. 134 < natural size. New Fork, Green River Basin, 
Wyoming. 

Fics. 5, 6. Meniscotherwwm, cf. priscum Granger...........-cccccccescccee 

5, Right maxilla, P®, M'-M? (U.S.N.M. No. 22431), occlusal view. 

6, Right ramus of mandible, M:-M2 (U.S.N.M. No. 22432), occlusal 

and lateral views. 1%4 & natural size. Bitter Creek, Washakie Basin, 
Wyoming. 


PLATE II 


CORYPHODON FROM THE LOWER EOCENE OF WYOMING 


Bres. 41-5. /}Coryphodow radians) CGOpe) ..... sissies see sais od tind eee nneeeee 
1, Left upper cheek teeth, P?-M* (U.S.N.M. No. 20737), occlusal view. 
24 natural size. La Barge, Green River Basin, Wyoming. 2, Left 
upper cheek teeth, P*?M*® (U.S.N.M. No. 16701), occlusal view, 74 nat- 
ural size. La Barge, Green River Basin, Wyoming. 3, Left upper 
cheek teeth, P?-M* (U.S.N.M. No. 20731), occlusal view. 24 natural 
size. Elk Mountain, Fossil Basin, Wyoming. 4, Left upper cheek 
teeth, P*-M® (U.S.N.M. No. 22745), occlusal view. 24 natural size. 
Bitter Creek, Washakie Basin, Wyoming. 5, Left upper cheek teeth, 
P*-M® (U.S.N.M. No. 22748), occlusal view. 24 natural size. Bitter 
Creek, Washakie Basin, Wyoming. 


PLATE 22 


CORYPHODON, PERISSODACTYLS, TAENIODONT, AND PRIMATE 
FROM THE LOWER EOCENE OF WYOMING 


Fics.1=2."Coryphoden radians (Cope) eo ecc oes cece. co Peek eee ee 
1, Right lower cheek teeth, Pi-Ms (U.S.N.M. No. 21026), occlusal view. 
24 natural size. Elk Mountain, Fossil Basin, Wyoming. 2, Right 
lower molars, Mi-Ms (U.S.N.M. No. 22746), occlusal view, 24 natu- 
ral size. Bitter Creek, Washakie Basin, Wyoming. 
Fics. 354.72 yrachyus, ct. modestus (iieidy) (£2 22s 00 Se a 
3, Right M® (U.S.N.M. No. 22771), occlusal view. 4, Right P* 
(U.S.N.M. No. 22772), occlusal view. Natural size. New Fork, 
Green River Basin, Wyoming. 
Fies. 5-6.. Homogalax primaevus \(COpe) oi. sscc sc cccc ce cccscccecsscunoune 
5, Left upper cheek teeth, P® (P* partially concealed)-M*® (incomplete) 
(U.S.N.M. No. 22767), occlusal view. 6, Left lower molars 
(U.S.N.M. No. 22768), occlusal view. 134 natural size. Bitter 
Creek, Washakie Basin, Wyoming. 
Big, 7: eer ganas; "Spee Seb sis Aes HO ee Se Ee) le ae 
Left Dp:, Me(?) and Ms(?) incomplete (U.S.N.M. No. 22785), oc- 
clusal view. Fossil Butte, Fossil Basin, Wyoming. 


144 


67 


70 


70 


80 


77 


44 


NO: TI LOWER EOCENE MAMMALIAN FAUNAS—GAZIN 


Fics. 8-9. Lambdotherium popoagicum Cope..........cccececcccccsccecs 
8, Right upper cheek teeth, P*-M*® (U.S.N.M. No. 18232), occlusal 
view. 134 X natural size. La Barge, Green River Basin, Wyoming. 
9, Left lower cheek teeth, P2(part)-Ms (U.S.N.M. No. 22793), oc- 
clusal view. 1% natural size. New Fork, Green River Basin, 
Wyoming. 
BrG./10;, Chlarohysis enaghtensts Gazin.. 2002s. a. seudse soe csc secu tine eles 
Right lower cheek teeth, Ps-Ms (Univ. Calif. No. 46705), lateral and 
occlusal views. 5 X natural size. Dad, Washakie Basin, Wyoming. 


PLATE, 53 


HYRACOTHERIUM AND HEPTODON FROM THE LOWER EOCENE 
OF WYOMING 


Fics. 1,2, 4-10. Hyracotherium vasacciense (Cope).......cccccccsccceces 
, Left upper cheek teeth, P*-M*® (U.S.N.M. No. 21350), occlusal view. 
2X natural size. New Fork, Green River Basin, Wyoming. 2, Left 
lower cheek teeth, Ps-Ms (U.S.N.M. No. 22401), occlusal and lateral 
views. 2X natural size. New Fork, Green River Basin, Wyoming. 
4, Left upper premolars, P*-P* (U.S.N.M. No. 19738), occlusal view. 
2X natural size. La Barge, Green River Basin, Wyoming. 5, Right 
upper premolars, P?-P* (U.S.N.M. No. 22403), occlusal view. 2X 
natural size. La Barge, Green River Basin, Wyoming. 6, Right 
upper premolars, P®-P* (U.S.N.M. No. 19745), occlusal view, 2X 
natural size. La Barge, Green River Basin, Wyoming. 7, Left upper 
premolars, P*-P* (U.S.N.M. No. 19744), occlusal view. 2X natural 
size. La Barge, Green River Basin, Wyoming. 8, Left upper pre- 
molars, P?-P* (U.S.N.M. No. 22494), occlusal view. 2X natural 
size. La Barge, Green River Basin, Wyoming. 9, Left upper pre- 
molars, P?-P* (U.S.N.M. No. 22495), occlusal view. 2 natural 
size. La Barge, Green River Basin, Wyoming. 10, Right upper 
premolars, P*-P* (U.S.N.M. No. 22496), occlusal view. 2 > natural 
size. Dad, Washakie Basin, Wyoming. 
Fic. 3. Hyracotherium cf. angustidens (Cope) ...........ceecevccccserece 
Left upper premolars, P*-P* (U.S.N.M. No. 22492), occlusal view. 
2 natural size. Elk Mountain, Fossil Basin, Wyoming. 
Fic. 11. Hyracotherium cf. craspedotum Cope........ccccccccscccccccces 
Left premolars, P?-P* (U.S.N.M. No. 22497), occlusal view. 2 X natu- 
ral size. Cathedral Bluffs, Washakie Basin, Wyoming. 
EIGRE2 ep rod on DeEntoriuMn (CE COPE)) cajeia diets iaSisiel ates 2am x aheiaie a seals see. ¢ ale ela 
Right cheek teeth, Ps-Ms (U.S.N.M. No. 22498), occlusal and lateral 
views. 114% natural size. Dad, Washakie Basin, Wyoming. 
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PLATE 14 
HEXACODUS AND BUNOPHORUS FROM THE LOWER EOCENE OF 
WYOMING 
IGS. 153s, (GY eexacodus..pelodes GAazitys «wis :tiicye ajo.n gs belgie sin Grea seo s'e 9 b.54 60 


1, Left upper molars, M’-M? (U.S.N.M. No. 22248), occlusal view. 
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3, Right upper molar (enamel missing) (U.S.N.M. No. 22434), 
occlusal view. 3 natural size. La Barge, Green River Basin, 
Wyoming. 
Bic. 2. Hexncadus Pelodes: Gazi vie « xie.0 0: doers op « aiejnins siete hg ba 
Left ramus of mandible, Pi-M2 (U.S.N.M. No. 19215), type specimen, 
occlusal and lateral views. 3 X natural size. La Barge, Green River 
Basin, Wyoming. 
Fic. 4, esacodus, ct. pelodes Gazin, . oss ovsesms stages ois 0 seinen es eee 
Left ramus of mandible, Pi-Ms (U.S.N.M. No. 22247), occlusal and 
lateral views. 3 > natural size. New Fork, Green River Basin, 
Wyoming. 
Fic. 5. Heracodus uintensis Gazitl. 3.5 elie. vin ecasissee ce estes ceeeaeeeee 
Left ramus of mandible, Mi-M2 (P.U. No. 16175), type specimen, oc- 
clusal and lateral views. 3 X natural size. 
Fics. 6,8. Bunophorus, cf. macropternus (Cope).......ccccccccccccccecs 
6, Right upper molars, M*-M* (U.S.N.M. No. 19212), occlusal view. 
8, Right ramus of mandible, Ps-Ms (U.S.N.M. No. 19210), occlusal 
and lateral views. 1%4 X natural size. La Barge, Green River Basin, 
Wyoming. 
Fics. 7,9. Bunophorus, cf. etsagicus (Cope) ........ccvccceesevevscseces 
7, Left upper molar, M® (U.S.N.M. No. 22245), occlusal view. 9, Left 
ramus of mandible, Mi-Ms (U.S.N.M. No. 22244), occlusal and 
lateral views. 114 X natural size. New Fork, Green River Basin, 
Wyoming. 
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FOREWORD 


Many of the data on the dimensions of flying animals are found in 
journals which are not readily accessible. Aside from Sotavalta’s pa- 
pers on insects, published within the past 15 years, the significant refer- 
ences are also many years old, harking back to an era when such studies 
were undertaken primarily to provide inspiration for the development 
of aircraft. 

The literature is quite extensive for insects, for birds, and even for 
bats. Furthermore the results of the several investigations appear con- 
sistent among themselves, leading to the presumption that a reasonable 
degree of precision obtains for all the great mass of available data. 

It seemed worthwhile first to bring these scattered sources together 
in one publication, and second to plot the various dimensions against 
each other to determine how well the principles of dimensional similar- 
ity hold for so diverse a collection of flying animals. The figures speak 
for themselves. The text has been added by way of summary and to 
point out certain anomalies which appear to provide exceptions to 
nature’s usual sense of orderliness. The scientific names in the tables 
are given as they appeared in the original publications, in the belief 
that few identification difficulties will arise. 

There is no claim to originality in what follows. I shall be quite con- 
tent if it is useful, perhaps even stimulating, to entomologists and 
ornithologists. 


CRAWFORD H. GREENEWALT 
Greenville, Delaware 
November 1960 
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DIMENSIONAL RELATIONSHIPS 
FOR FLYING ANIMALS 


By CRAWFORD H. GREENEWALT 
President, E. I. du Pont de Nemours & Co. 


For a dimensionally similar series of objects, animate or inanimate, 
a volume or a mass will be proportional to the cube, a surface to the 
square, of a linear dimension. If Alice, then, after sipping from the 
bottle labeled “Drink me,” were reduced to one-third of her normal 
height, her surface would be one-ninth, her weight one twenty-seventh, 
of its original value. Or if we should plot Alice’s weight and that of 
many other little girls, large and small, against let us say the length of 
their arms, we should find in logarithmic coordinates a straight line 
whose slope is 3, or in mathematical terms 

Weck 
where W is weight, J is length of arm, and c a constant of proportion- 
ality. 

For cats or for mice the result should be the same with, however, a 
different value for c, meaning simply that cats or mice are dimension- 
ally similar within their families but not with each other, or for that 
matter with little girls. 


BODY WEIGHT AND WING LENGTH 


We turn now to figure 1 (all figures follow page 7), on which is 
plotted total weight against wing length for the entire array of flying 
animals. We see that for body weights ranging from less than 1 to more 
than 10 million milligrams, weight is roughly proportional to the cube 
of the wing length. 

Insects show a much greater “scatter” than birds, evidence I sup- 
pose of nature’s versatility in designing many models of animate air- 
craft at the lower end of the scale. The highest values of wing length 
per unit weight are found for the dragonflies and damselflies, for cer- 
tain butterflies, and for such insect specialties as the craneflies and 
mosquitoes. Except for the dragonflies, these are rather poor fliers 
with low wing-beat rates. Lowest relative wing lengths are for the 
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bumble bees whose bulky, heavy bodies make one wonder how they 
can manage ever to become airborne. What might be called the “main 
sequence” of insects falls on a straight line well below that for the birds. 
One might expect this to mean a generally poorer flight performance, 
but this does not necessarily follow, since in appraising aerial ability 
one must also take wing-beat rate and muscle weight into account. 

For birds, excluding for the moment the hummingbirds, the scatter 
is much less, particularly at the small end of the scale. In general the 
soaring birds have long wings, the gallinaceous birds short wings per 
unit of total weight. When one considers the aerodynamics of soaring 
this result might well have been expected. 

Hummingbirds fall into a very special group, for here nature ap- 
pears to have devised an unusual model, one in which weight is pro- 
portional to the 1.5 power of the wing length. This result is so un- 
expected that one might well question its validity. In figure 2 the 
hummingbird region is expanded, and I have plotted separately the 
two sets of available data. Their self-consistency leaves little room for 
doubt of the basic relationship. Hummingbirds cover only a small part 
of the roster of flying animals, and it should be noted that extrapolation 
of the hummingbird line either to larger or smaller body weights 
would lead to aerodynamic monstrosities. I can offer no rationale for 
the anomaly. Hummingbirds are excellent fliers, and it may be that 
their peculiar dimensional relationships contribute to this end. 

One also sees that the hummingbirds are placed almost exactly in 
the center of the figure ; hence they may represent a zone of transition 
between insects and other birds. 


BODY WEIGHT AND WING AREA 


Figure 3 shows the relationship between body weight and wing area. 
The results do not differ significantly from those in figures 1 and 2. 
Note again the much greater scatter for insects, the increasing scatter 
for birds as size increases, and the anomalous proportions for the 
hummingbirds. In figure 1, however, wing length for birds is in gen- 
eral greater per unit weight than for insects. Wing area, however, for 
the long-winged insects is considerably greater per unit weight than 
for the long-winged birds. 

Figure 4 is an expansion of figure 3 for birds (excepting humming- 
birds) with a differentiation in charting for selected bird families. We 
see that in general the birds of prey have the highest, ducks and gal- 
linaceous birds the lowest, relative wing area. Aerial performance does 
not necessarily track relative wing area. Ducks, for example, are strong 
and competent fliers, making up for their small wing area by an un- 
usually high wing-beat rate. 
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Note also that soaring birds, the albatross particularly, are not ex- 
traordinary in relative wing area, falling generally in line with the 
small passerines. 


WING LENGTH AND WING AREA 


Figure 5 shows the relationship for birds, figure 6 for insects. The 
birds fall into a very consistent pattern, but here the differences for 
soaring birds become more apparent. The albatross, for example, has 
a very long wing per unit area, as does the frigatebird and booby. This 
means simply that for soaring birds the wings are long and narrow, a 
condition essential for good aerodynamic stability, which does not re- 
quire per se a large wing area. 

In figure 6, the insects show their unusually large “scatter.” We have 
models ranging from the long, narrow wing of the fruitflies and crane- 
flies to the broad stubby wings of the butterflies. The proportionality 
constant in the equation relating wing area with the square of the wing 
length varies through a factor of 5. For birds the variation is scarcely 
a factor of 2. 

Figure 7 shows data for bats. One sees that these data are very self- 
consistent and that the constant of proportionality is quite close to that 
for birds. The flying model is similar, much more so than the appear- 
ance of the two classes of animals would lead one to expect. 


WING SPREAD AND WING LENGTH 


In virtually all ornithological handbooks the wing length as given is 
not the length of the whole wing, but that of what is called the “hand,” 
viz, the distance from the wing tip to the first articulated joint. This 
practice arises out of the great difficulty in measuring total wing length 
or wing spread from bird skins, as compared with the relative ease of 
measuring the length of the “hand.” Figure 8 shows Magnan’s data 
on wing spread plotted against the measurements of the length of the 
“hand.” It is essential here to use data from a single investigation since 
precise measurement of wing spread is greatly influenced by the tech- 
nique of the particular observer. We see that the two hands average 
62 percent of the wing spread. The “‘scatter” is not great, a tribute to 
Magnan’s self-consistency. 


WING AREA AND WING WEIGHT 


In dimensional theory, the weight of the wing should be proportional 
to the cube of its length, or to the 1.5 power of its area. Figure 9 shows 
the relationship for insects and birds. We see that wing weight is pro- 
portional not to the 1.5 power, but to the 1.67 power of the wing area. 
Since we have previously shown wing area proportional to the square 


4 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


of the wing length, we must conclude that wing thickness increases 
with the 1.34 power of the wing length and that the wings include a 
steadily increasing percentage of total weight as the size of the animal 
increases. 

While we know little about the structural properties of bird and in- 
sect wings, it is reasonable to assume that if the thickness increased as 
the first power of the length, the angular deflection at the wing tip dur- 
ing, let us say, the downbeat would be constant. Since wing thickness 
actually increases as the 1.34 power of wing length, the angular deflec- 
tion at the tip must decrease with increasing size (or weight) of the 
animal. This may be related to maintenance of aerodynamic efficiency 
with increasing size, but the argument is certainly not an obvious one. 

It is even more extraordinary to note that the data for insects and 
birds fall on a continuous straight line. The materials of which the 
wings are constructed are totally different for the two classes ; a ribbed 
chitinous membrane for the former and a complex structure of bone, 
muscle, and feather for the latter. It must, however, follow that the 
mean density of wings remains the same quite regardless of the mate- 
rial of construction. 

It follows from the wing area—wing weight relationship that the 
weight of the wings will comprise a steadily increasing percentage of 
total body weight as the size of the flying animal increases. For the 
mosquito Aedes aegypti, weighing 1 milligram, Sotavalta’s data show 
0.2 percent of the total weight contained in the wings, whereas for 
the falcon Gyps fulvus, weighing over 7 kilograms, the wings, ac- 
cording to Magnan, are 22 percent of total weight. 


WING-BEAT RATE AND WING LENGTH 


There is good evidence? that the beating of the wings of flying ani- 
mals can be described using the well-known theory for mechanical 
oscillators. This theory presumes a resonance frequency for beating 
wings which will be maintained regardless of changes in either external 
or internal wing loading. It follows then that wing-beat rate will be 
constant for a particular animal. The equation is as follows: 


A ire 
i it 
where f is the wing-beat rate, br? is proportional to the weight of the 
wing muscles, and J is the moment of inertia of the oscillating system, 
viz, the sum of the moment of inertia of the wings and the internal mo- 


* Greenewalt, Crawford H., “The Wings of Insects and Birds as Mechanical 
Oscillators,” Proc. Amer. Philos. Soc., vol. 104, No. 6, 1960. 
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ment of inertia of the wing muscles and whatever part of the skeleton 
vibrates with them. If we assume br? proportional to /? (or the weight 
of the animal) and J to 7? (the product of wing weight and the square 
of a distance proportional to wing length) we see that the product fl 
should be constant for a dimensionally similar series of animals. We 
have seen, however, from figure 9 that for the whole roster of flying 
animals the weight of the wing varies with the 3.3 power of the wing 
length. Hence it should follow that the constant will be proportional to 
f'-* not to fl. 

In figure 10 we have plotted all available data for wing-beat rate 
against the corresponding wing length. We see that there is a limiting 
boundary line which does indeed have the slope 1.15. Unfortunately 
the data for birds are quite limited. I have obtained measurements for 
hummingbirds and for a few small passerines using high-speed cinema- 
tography, and Meinertzhagen gives data for a number of large birds 
whose wing frequencies are sufficiently low to permit visual counting. 
Even for insects there are insufficient data to show conclusively 
whether the slope 1.15 is characteristic also for particular families or 
genera of insects, or whether in these limited ranges a slope of 1.0 
obtains. Figure 12 would appear to give some support to the latter 
hypothesis. Here we have placed the insects in four arbitrarily selected 
groups with decreasing values for fl assumed to be constant. It is seen 
that in quite general terms the various genera appear to fall on lines 
for which the slope is unity. 

Whatever the proper exponent for / (and for a particular genus it 
makes little difference) the product fl appears to define the flying ability 
of the animal. This would place the fruitflies at the bottom of the list, 
with butterflies not much better. The best fliers would appear to in- 
clude many of the Hymenoptera, certain Diptera genera, and a few 
Coleoptera. The birds in general seem to be more proficient fliers than 
the insects, with the hummingbirds at least equal to the best in both 
groups. 

The hummingbirds again appear to be anomalous, but the data are 
not good enough to establish quantitative relationships with sufficient 
precision. Figure 11 is an expansion of the hummingbird region. The 
best fit for the data appears to be a line whose slope is 1.25 and this 
slope correlates well with what one would expect from the other dimen- 
sional relationships for the family. 

It is to be hoped that many more data for birds will become available 
in order that these relationships can be more precisely established. 
Ideally, of course, one should have data on wing length, wing weight, 
muscle weight, and wing-beat rate for each specific individual. Here 
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we have had to assume muscle weight proportional to body weight, 
which is true only in the most general terms. 


MUSCLE WEIGHT 


In figure 13 we show the weight of the large pectoral muscle plotted 
against total weight for birds. The large pectoral muscle powers the 
downbeat of the wings, and so is the prime source of energy for flight. 
We see that for the entire procession of birds, from a tiny kinglet to a 
mute swan, the large pectoral averages 15.5 percent of the body weight 
with very little “scatter” on either side of the mean. 

In figure 14 the weight of the large pectoral muscle is plotted against 
the weight of the wing. Here the scatter is considerably greater and the 
wing weight increases with the 1.1 power of the muscle weight. Body 
weight, on the other hand, increases with the first power of muscle 
weight. The rationale here is based on the data presented in figure 9. 
We recall that wing weight increases more rapidly than body weight, 
and since muscle weight is directly proportional to body weight it 
must also increase more rapidly than the weight of the muscle. 

Figure 15 shows the weight of the small pectoral muscle (which 
powers the upbeat) plotted against body weight. Here we find the 
same proportional relationship that existed for the large pectoral mus- 
cle, but a far greater scatter from the mean. In general the gallinaceous 
birds have relatively large small pectorals; for soaring birds and birds 
of prey the small pectoral is a much lower percentage of body weight. 
The explanation is not readily apparent. Gallinaceous birds are rela- 
tively poor fliers, but it is hard to say why this should be associated 
with a relatively large small pectoral. 

In figure 16 the weights of the two pectoral muscles are plotted 
against each other. We see that on the average the large pectoral has 
10 times the weight of the small pectoral. The scatter from the mean is 
considerable, owing of course to the variability in relative weight of the 
small pectoral muscle. 

The relative muscle weights provide the best available evidence for 
the presumption that for ordinary birds power for flight is provided 
wholly by the downbeat of the wings. If we make the reasonable as- 
sumption that power output is proportional to the weight of the muscle 
we see that the small pectoral can provide no more than 10 percent of 
the power required for flight. Since power must be expended merely to 
lift the wings, the contribution of the small pectoral muscle to flight 
may well be considerably less than this percentage. 

For hummingbirds the situation is quite different. Large and small 
pectorals account for 25 to 30 percent of total weight as compared with 
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an average of 17 percent for ordinary birds. Hence one would expect 
hummingbirds to be relatively more powerful fliers. The ratio of the 
weights of the two muscles for hummingbirds is roughly 2 as compared 
with 10 for ordinary birds. One can then safely assume that both up- 
beat and downbeat contribute power for flight. This is also what one 
would expect from the pattern of the wing beat seen in high-speed 
moving pictures. 

In figure 17, total muscle weight is plotted against body weight for 
insects. We see the usual scatter typical of dimensional data for insects. 
However, for many insects, notably the Neuroptera, Diptera, and 
Hymenoptera, total muscle weight is roughly the same percentage of 
body weight as is found for birds. For the butterflies, however, the 
musculature is very light, correlating with their poor flight perform- 
ance. 


Admittedly these same data could have been presented in many dif- 
ferent ways. No attempt has been made, aside from figure 4, to sub- 
divide the insects and birds into families and genera. Such an effort 
might well be fruitful, but the data collected here are probably not 
sufficiently precise to permit more than the broadest generalization. It 
is possible that relationships such as these will be of significance in 
taxonomic investigations both for insects and birds. It is to be hoped 
that someone will find the rather tedious investigations worth the effort. 
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METHODS EMPLOYED IN OBTAINING DATA FOR TABLES 1-3, 
FROM O. SOTAVALTA 


Wing frequency: 


All papers—“Flight tone”: Sotavalta has the gift of perfect pitch and made 
nearly all his measurements by the “acoustic” method. He reports a 
possible error in his determinations of -5 to +1 percent. Data are given 
which show his “acoustic” method to be in close agreement with direct 
stroboscopic measurements. 


Total weight: 


1947—Weights determined using “in most cases” a balance with a sensitivity 
of + 1 mg. after exposure of the insect to HCN vapor for 10 to 15 sec- 
onds. 


1952 
1954 } As above, but with a more accurate balance. 


Wing length: 


All papers—Measured using a common millimeter rule with an accuracy of 
+ ¥% to 1 mm. Distance is the “direct distance from the wing tip to the 
articular point.” 


Wing area or total sustaining surface: 


1947—Measured by tracing the contour of the entire insect with spread wings 
on millimeter cross-section paper, “the wings then being fresh in their 
assumed striking position straight aside.” This gives the “total sustain- 
ing surface.” 

1952—Measured as above but here the area of all wings alone was measured. 
This gives true “wing area” of all wings. 


Wing weight: 


1952—Weighings made on a microchemical balance with an accuracy of 1 
microgram. For very small wings, several were weighed together and 
the average weight computed. 

1954—As above but with a torsion microbalance of 5 micrograms sensitivity. 


Moment of inertia of wings: 


1952) Determined by summation of the weights of small wing slices multiplied 
1954 J by the square of the distance of the slice from the articular point. 
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TABLE 1.—DATA FROM 0. SOTAVALTA, ACTA ENTOMOLOGICA FENNICA, 
pr. 4 (1947) 


Wing- Total 
beat Body ing, sustaining 
rate weight lengt surface 
sec-1 mg. mm. mm? 

LEPIDOPTERA : 

Papilio machaon 2s hs ee 55 369 43 2,064 
3 By (ona flower) ............ 5 610 49 2,810 

- 3 (fixed ).-c2 9 610 49 2,810 
POPS ROPE ond 6 47 22 686 
Gonepteryx 1hamint ..............e.eceeeeeeeos 6.7 168 28 1,128 
Vetessa antiopa 5.3.2 10 495 38 2,030 
Hemaris fuctformts ................eceeneeenee 85 241 22 440 
Chaerocampa elpemor eee 58 642 30 780 
s Soy gee Cag 57 480 31 770 

> borcellis “6 71 308 21 426 

fe = ge Nd Des 71 383 22 477 

i; 2 OW sian Seas 65 496 25 589 

ih . Oe re. 67 272 20.5 462 

> “ Yo ESE 69 334 22 520 
Detlephila galt 22) Ce ears 52 765 32 934 


Sphinx ligustri 8 
“ee “ 2 


pinasiri 3 


37 520 38 1,041 
: a Fy 35 550 39 1,287 
Acronycta QUricoma Q eee 58 217? 15 278 
Agrots occalia eet 2 eee 30 252 27 830 
Sora rebricose ee a4 125 16 son 
> i) ee ee ee, 55 165 17 inte 
Charaeas graminis 8... 71 65 12 246 
Rladews laterite sco oot ee ee 45 332 22 wae 
* wmonoglpha. Se SS 280 22 572 
Fiydvoecia fucose’. 61 100 16 307 
A Vea wNorCe 65 ee 40 210 20 ee 
Catacala Traxine. 0 ee ee 12.5 1,235 47 2,710 
Geometra papilionaria cnn 10 80 24 716 
Aegerta aptformts 8 c.vcceeeenenenne 87 310 16 ose 
: = 5? SRO EAE CE RA Ee 75 485 20 
Gosses cnssus 6 2 3 eee a4 997 27 
"2 Se Oe Ese Sat 37 2,645 38 1,694 
Ob ANSE ate 41 1,730 35 1,326 
HYMENOPTERA: 
Symphyia 
Diprion sp ee eee 123 6s 8 
Trichiosoma lucortm 73 265 20 
Siwes gigas (2). eee 69 440 26 
Aculeata 
Camponotus herculeanus Q .............. 73 120 15 
Ammophila sabulosa Q 86 iS wits 
Vespa vulgaris Q ........ 224 14 166 
= he ee al 70 10 80 
Colletes cuniculartus 107 10 eke 
Anivena 0090.8 cc 154 13 137 
Eucera longicornis Q 150 11.5 
Megachile lagopoda $ 153 11 
e * $ 155 11 
- 5 Q 214 12 
si as Q 136 12 


No. 2 DIMENSIONS OF FLYING ANIMALS 1] 
TaBLe 1.—continued 
Os ae On Se 
Wing- Total 
beat ss Wing sustaining 
rate weight length surface 
wel aeeeee secl my. mm. mm.2 
Hymenoptera, Continued 
Aculeata, Continued 
Megachile VGWASECE BD sissversesvesssneans 233 115 10 
“ POKUNAAEA Q  secenesceeeneeeeneee THY | 38 6.5 
Anthidium manicatum 8 crise 233 171 11 
cf af (Cainer cee See 233 90 8.5 
i uf OUT, aed sepa 196 104 9.5 May 
hes sithyrus TUPCSEVIS D srvsncraseroenenensunone 123 541 18 361 
DOWCMACUS QD sevesererecrenceenee 123, 715 19 ey, 
Bombus Wortorwm G cosseecerssecvserennees 139 195 14 yAN 
ze “ (A ae tre tah eA 131 533 16 262 
ot a ON Dy tie 127, 450 17 368 
Ut U3 (opin RGR Ta a ee 147 307 15 ee 
id EQUESETAS. E cavesuvsrascenvesrosnase 262 58 8 
Rr RAYPNOTUM FB cessvenevevsnenensoronee 150 485 16 ae 
o f 2) Uh ieee Ok na ee 139 380 16 308 
oh GOVT G. sanivenssndsvsetencorsens 170 225 13 192 
Hs VEPtA OTUs cncerouserroraissnesense 165 537 16 284 
s « ORM a Me ee cas 161 534 16 270 
ie = Oe aT een seas: caer 161 487 16 
PALL CV OPULS: 2 srstevesooetecevessevere 185 302 13 210 
i PLALOTUM J snvrvsesceraceserrnerees 233 101 9 90 
uf lucorum & 147 520 16 fic 
e v4 9 eee 487 16.5 hd 
Apis Melificd FJ sarcaceconrorenensens tie 85 9 86 
is af ogy Wy Lei ieee ee 99 10 ae 
a re of Neon ane Ral ee 97 9.5 
e i 12a | aie Sere an ee 100 9.5 
ye % op ete So Ce Seis 99 10 
a sf cy St! eo a a ee ee 98 10 
is iE {ok ene ae aed eee oS 94 9.5 
i i {2/2 AUR eS ieee ee 101 10 
HM: a rT uaa ee a 65 9 on 
Mg if cop CT Ee Ee ae 91 10 89 
Terebrantia 
Amblyjoppd proteus ..-..crecveccereoeeees 82 165 16 
Coclichnewmon Conutator .........------++ 123 32 10.5 
Opheltes GlaucoplerUs -.-.-..-n--n-nern-ene 52 95 20 
_ J, Fe ee 55 120 20.5 
Pamiscus OPACUIUS ..n+ncccn-reneeeeseesorseneses 78 20 10.5 
A LES NS PB tet err 78 QZ 10.5 
Me PT bss Babe RNs oe 71 45 13.5 
E micospilus ramidulus age Aa ee 73 25 ih A, 
merdarius .. 82 25 11 pes 
Ophion luteus 64 45 14 141 
“ “ 55 45 15 sais 
“ “ 55 48 15 5 
ff if 55 35 16 he 
Agrypon anxium 78 11 9 49 
HEMIPTERA : 
Heteroptera 
Mesocerus Mar ginatus: ....---------ceo 120 85 10 
Carpocoris purpureipenms -.....-0------- 117 74 10 


Dolycoris DaCCATUM G  ----.c-cecee-nenrene 116 48 8 4 
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TABLE 1.—continued 


Wing- Total 
beat Body Wing sustaining 
rate weight length surface 
sec-1 md. mm. mm.2 

HemipPTeRA, Continued 
Odonata 
ACSCHNG JUMECEG i. oncccento erence 35 958 48 2,180 
COLEOPTERA : 
Creophilus maxillosus ........0+---0--------- 98 200 15 ae 
Geotrupes SLE COTALIUS .......c-ecee-eeee- 85 810 22 520 
: CU” Taig Sobers xk recta 87 1,000 24 684 
“ | ek ese ee 73 690 23.5 sae 
Hf pace mas bhyeen Coen is 8 73 540 23 
Aphodius subterraneus ......--------0---0--+ 117 32 8.5 
ss jimetarnuse ee 82 35 9.5 
Amphimallon solstitialis .........---0----- 75 364 19 
4 olga pial oe ome ts 80 306 18 she 
Melolontha hippocastant ........-.---------+ 58 1,220 29 965 
DPrichius fasciatus 2 ee ee 116 170 14 Se 
GCiOMGiGUrdian ee 98 512 22 425 
nS aa Ee 07 478 22 oe 
os BE see kaa in Ware tere 104 521 225 
f er) sk ells Med A oe eh A 101 437 21.5 
a CO) ge Bante, Tene eA 98 611 22.5 
oa SOE a ee ee hee 114 323 19.5 
. Ege Deh Se el at a 107 338 20 
iy ser ees Lome eset 2 6 93 478 22 
Potosia cuprea metallica «2... 110 521 21 
$ - PEAY oy ceca os aan 114 534 20 
< * GEN Van ge cree td 110 529 ZieS 
Dermestes lar dar ius .........--r-c-ce0-nene0e 110 7a 7. 
Pachyta quadrimaculata «2... 85 151 14 
Hi Ce Pp yckctnee Lecaemtes 82 126 1S) 
* ey Pie ts 82 74 12 
SAPCPAG CAP CHALIAS ....-ncecencen-nsnnensnsane 55 1,010 26 ae 
is Sf tye PDE 25S vecde cok oe 55 1,220 26 800 
DIPTERA : 
Brachycera 
Tabanus tropicus. QU ee 165 131 12 
: a Or Neti ts fa ce da 185 81 13 
. Lei ian ed aati Ce 156 88 13 
a Bro mis Or ae ee NC 156 78 12.5 
NeOitAMUs CYANUTUS .....-cesererererenenenene 170 42 10 
Bombylius mator G  ....--c-ececseneeenoee 255 60 12 ae 
fe Be perpen eet ait 240 79 12 100 
‘ POD a Ute yO 230 36 10 65 
i ese eee aie eer 170 aS 12 mas) 
Volucella pellucens -.c..cc0cccoroensnsnsesosas- 147 200 15 
ce Soh) i a EAN 156 125 14 
Brisialis oestracea 225 22) ee. 200 101 11 
. Bo yes Cer ae A aS 200 83 11 
« niin oie dere ON ANE rE Se 200 116 10s) 
< pan reer eee ea soc 200 104 12 
¥ ap rn ghee ener avin e. tan, 170 174 13 
ss COND Oe ae 175 165 13 160 
x “(same specimen) .... 161 150 13 160 
. he y as ton LOS 130 13 160 
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TABLE 1.—concluded 
Wing- Total 
beat Body Wing sustaining 
rate weight length surface 
sec-1 mg. mm, mm.2 
Diptera, Continued 
Brachycera, Continued 
Helophilus irivitiatus _............-.---- 222 89 11 
Drosophila fuUmebr is -...-...eceesssosn0n0e 170 6 4 
Nematocera 
DPS UG ETE ANT) Oia ee ad Seca ee Se 49 a2 17 145 
Son LOE CY NUS HOt ee ane re  ecerce ce 67 aye 13 75 
SMS CIALP EOC) teenie see ese 52 59 18 ke 
Smabsclenes Oni wer es Aon ie aos ee 49 90 23 
GChVChing OnGIS 22 eee 62° 14? 18.5 
e Lincata ws Soe eS 87 10 10 
Limnobia quadrimaculata .......-.-.------+ 55 29 15.5 ae 
Culicidae sp. & 25 4 10 
i gee 5 6 ae 
- une: 2.5 5 a 
5 ie ee 5 6.5 Rais 
ss teas 5 6 a 
Anopheles maculipennis Q  ........------ 240 a 6 16 
Theobaldia alaskaénsis Q  ........-.-0--- 233 10 WD wie 
Chironomus plumosus O  .......----0-0-0-0 SL 13 Z. 24 
= rig Wei ever a ee 330 8 7 29 
va ss 3d (s. sp.) .. 494 8 7 29 
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TABLE 2.—DATA FROM 0. SOTAVALTA, ANN. ZOOL. SOC. “VANAMO,” 
VOL; 15;'No: 2 (1952) 


Neen ee ee ee eee ee ee en Ee 
Wing- Moment of 


beat Body Wing Wing Wing inertia 
rate weight length area weight of wings 
sec-1 mg. mm. mm.? mg. mg. (mm.)? 
LEPIDOPTERA : 
Pieris DL ASSICHE .......0..00-00000-0- 10.5 144 34.0 1,720 17.975 4,230 
See SEO Ee ee os 6 37 23.6 853 5,975 698 
Macroglossum stellatarum .. 73 282 213 379 9.180 593 
Poecilocampa populi .......-- 55 112 16.7 317 5.225 265 
HYMENOPTERA : 
Aculeata 
A DLS AMELUACE 2 nS occe wnssinvoeze 234 vit 10.2 62.0 0.425 9.55 
= AD eae. ee 247 84 9.7 57.6 0.425 7:32 
2 eli) Geek Ls ae (240) 69 9.3 57.6 0.360 6.14 
‘a PU eee (240) 7. 9.6 57.9 0.365 6.92 
Bombus lapidarius «21.1... 143 477 16.6 172 2.465 131 
uy ioe eee eat (161) 658 17.3 189 2.745 169 
* LETTE SUAS) eres 156 880 WS 197 2.860 158 
Vespd Ger MQnicd .........---n00--- 139 240 16.2 133 1.390 69.6 
sf) (DUIQUIAS: cc tisdce eee 139 81 132 81.7 0.665 26.0 
. Cpe Pee Street are 147 98 1333 85.2 0.760 27.8 
eet (112) a1 Re eae eee 104 597 24.3 304 5.675 608 
Terebrantia 
Ophion ltteus ........eeseens-0--- 62 15.0 155 0.675 32.2 
Nemerilis CANCSCENS -....0.0---- 147 3.625 4.0 0.025 (0.061) 
COLEOPTERA : 
Melolontha vulgaris ......0-.-.-- 62 597 28.1 445 8.955 1,180 
Cerambycidae Sp. -.....-----------+ 80 142 15:5 133 1.845 68.8 
Amphimallon solstitialis ...... 78 291 19.9 229 2.840 187 
DIPTERA : 
Brachycera 
Calliphora erythrocephala.... 143 11.4 85.9 0.605 14.9 
~ iz i 180 15 7.4 30.6 0.170 1.39 
s < 156 94 11.3 79.6 1.030 18.2 
a af 165 62 10.7 67.7 0.670 10.5 
a < 156 106 11.4 73.1 1.000 17.4 
“ ‘ 165 dete 11.0 69.8 0.520 dats 
- he 161 61 9.8 61.1 0.460 7.393 
si 152 64 10.7 61.1 0.445 7.89 
a - ane 9.3 50.5 0.275 4.37 
L < (161) 47 8.9 48.8 0.290 3.70 
« ‘f 127 10.3 67.6 0.375 ete 
“ 156 35 9.0 50.6 0.275 ae 
s He 165 33 9.0 52:5 0.360 a 
ye sf (161) 39 9.6 53.4 0.345 6.30 
cs c 161 30 10.0 57.0 0.430 See 
as re 165 44 9.8 58.0 0.460 8.06 
Erristalis ten@i -...oc-c-eceoceonoeoee 175 50 15 67.3 0.655 15.9 
u eas cee fig Sissi 185 206 13.3 98.8 0.985 31.0 
‘ Se Pc ela OL ede 175 106 122 76.5 1.050 23.8 
‘ SAT eed ee to a ee 180 93 13 83.9 1.030 24.7 
a“ ny Cocaine gh 156 125 81.1 0.645 Gee 
5 meget screens i 170 iss 91.4 0.835 date 
; Seed ll eda 185 176 13.0 87.9 1.355 27.6 
2 ‘ waco tee e ie, 185 143 12.4 81.9 1.090 25.9 
J cetateeos ee 191 11.8 76.9 1.045 24.2 
Musca domestica ............-0------ 165 5.9 19.9 0.055 wie 
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IPTERA, Continued 
Brachycera, Continued 


Drosophila melanogaster .... 


Nematocera 

TEP UGGS a ester oes eto cto 
“ oe 
SE peceeeenneennnnnnnnnnnncencnns 
“ (oid SES ay hag ay teh ae ai 
ae A CR ee ewe ae 
ae COME a OMA Ge tt” 
“ “ec 
a“ iol Ee ae Rg, eG ee 
“ aM edie Cane Se ar ania ai 
oc Vi ale a a 
“cc PRM CSS Sak 8 eV Oa ae 
“cc SRAM EGORE Nie (Eee ore 
“ chek GP AGB EOaT 0) Gy 

DU SECHOCETO SDs. oes note seecesss 

“ “ 
Theobaldia annulata ...........- 
“ “ 

AEDES BEGYPES cenennsnananssarnoeesns 

“ “ 


TABLE 2.—concluded 


Wing- 


beat Body Win 
rate weight length 
sec-1 mg. mm. 
185 0.740 2.0 
63 21 15.5 
42 35 20.3 
63 30 1535 
49 34 18.5 
49 30 18.5 
49 21 16.1 
16.9 
63 20 12.7, 
49 75 20.0 
48 23 18.5 
48 Zz 17.9 
48 22 17.0 
aleye sie 19.7 
49 25 16.5 
67 15650 37-2 
80 0.830 6.5 
262 9.900 6.2 
ere 6.8 
600 1hO25ie25 
360 1.890 3.5 
277 5.800 5.9 


Wing 


weight 


mg. 


(0.0027) 


0.460 
0.865 
0.655 
0.890 


(0.0080) 
0.040 


15 


Moment of 
inertia 
of wings 
mg. (mm.)?2 


(0.0017) 
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TABLE 3.—DATA FROM O. SOTAVALTA, ANN. ENTOMOLOGICA FENNICA, 
vot. 20, No. 3 (1954) 


Wing- Moment of 
beat Beer Wing Wing inertia 
rate weight length weight of wings 
sec-1 mg. mn, mg. mg. (mm.)? 

LEPIDOPTERA : 
PAROLES MP SSLON aceccsen teehee care eee Seca tla 58 169 18.2 5.235 325 
. Ce Renan one Oat ce et cannes 44 Boas 22M 7.315 671 
Amphitrota clandestina at 150 22.0 6.730 654 
. ee 48 ise 227. 7.830 701 
e "3 46 save 21.3 5.845 428 
Sideridis unipuncta 41 ats 20.3 6.875 548 
= 2 46 111 18.6 3.025 233 
Amathes bicolorago 54 69 15.5 2.645 138 
= rs 51 114 15.2 2.030 105 
a 53 64 15.6 2225 99 
« ss 41 112 16.1 3.455 201 
Peoctlocampa POPUlt c.sicccccaensc2c-cesnccesse-ns-s- 55 112 16.7 5.220 265 
BLATTARIA : 
Periplaneta americana @  o-.---c-c-cec-neneoe- 36 820 28.8 25.8 2,590 
: dS PEON pee ad ee eed a 35 830 34.0 36.4 6,360 
+ te Oe erat ek eee ee 32 ns 
ODONATA: Fore Hind 
Sympetrum danae 6 41 92. 240 .230 “50 770 
PACLG, 44 101 27.5 265 9.4 1,550 
re fl bye) 41 137 28:7 270. 66 1,460 
fe rae eee 41 102. 23.0 220 44 590 
ss eo) 41 Td 229° “2N6y SF, 560 
> Fie} 46 90) 25:8 (25.0) - 926 720 
z AP ee) 41 91 260 248 5.0 790 
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TABLE 4.—DATA FROM B. HOCKING, TRANS. ROY. ENTOMOLOGICAL SOC., 
voL. 104, pr. 8 (1953) 


Wing- 
beat Wing Wing 
rate area length 
sec-1 mm,2 mm 
HYMENOPTERA : 
Aculeata 
YAU TOS Dg oP Ey So eee oe ey eee one 198 28.3 9.2 
DIPTERA: 
Brachycera 
NAD GHUST its pee ee 119 57.4 14.3 
” SCPECHETIONGUES canccnncncecencnceonne 98 29.3 10.2 
CGVSOP SETI COLO ete cn ees en ee eee 110 21.9 8.6 
sf PAGTAP CS xccrin eee eee 109 18.9 8.1 
DD OISO PUL caters rece sees eae 208 15 2.14 
Nematocera 
ACU OS COMPOSIFUS 2k onncese ee esac conch 322 6.4 5:3 
SP COMMUNIS = te 216 3.9 4.4 
a IUCOICLIG 1S peer eee 318 3.6 3.8 
MW PUNCIOT. Met eee renee 290 6.4 SEs) 
SimUlium VENUSTUAN ..2..20.21..eeeeeeneeeeee 258 3.8 SZ 
UUEL CEU wees ee 209 4.6 3.3 


Hocking’s paper is not clear as to whether the wing areas in the table above 
are for both wings or only one. In a recent letter he states that the measurements 
are for one wing and in the case of Apis for a pair of wings on one side. 
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TABLE 5.—DATA FROM REED, WILLIAMS, AND CHADWICK, GENETICS, 
voL. 27, No. 3 (1942) 


Wing 
beat Wing NS 

rate area* lengt 

sec-1 mm.2 mm 

Drosophila tmMigQrans ........0-------c-cecereneo-ne 166 3.19 3.40 
of TAUALUS eed ee eee eee 156 3.39 3123 
5 pseudoobscura 191 Broil 2.83 
ss ss 191 225 2.73 
a s 175 2.48 2.84 
‘6 “ 180 2.53 2.88 
a6 *¢ 173 2.63 2.88 
a Wy 169 2.74 3.00 
we @ 166 2.82 3.00 
Ae #6 174 2.75 2.96 
a 179 2.60 2.98 
- ss 178 259 2.96 
ss +f 182 2.56 2.96 
os STATOUNGG! a2 173 2.93 3.09 
We oN BiB ceed ca date atts 154 3.39 3.37 
e OS PAF sete A dae el ane 159 3.29 3.21 
o CMR eee 8 Ze Rs ae a 166 3:23 3.29 
i athabascay ee 154 ZL 2.96 
HE Osieca te saline eed 188 2.43 2.86 
ef ee Ap RS as WAS RES 185 2.18 De Jtif 
PEP CLG ytd eA Oe eh 177 3.42 3.34 
zt fe Oris Oa Bie M 160 3.63 3.46 
melanogaster. es ny 178 2.13 2.61 
. QUNCON es ere ed oe 169 2.33 2.82 


* Both wings. 
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TABLE 6.—DATA FROM A. MAGNAN, LE VOL DES INSECTES, PARIS, 1934 


Win i ing i 
Weight spread ieee eee ee 
mg. mm. mm, mm,? mq. 
DIPTERA : 
COUEP SUPT IS, a eee eee 225 10 4.8 21 = 
ES PUlia QEQOOMECE) <ccc Sooo esac ceence ae 69 51 23.6 226 2.0 
VACHOCENE JUSCOIG ane oe tcssce ss 2.25 15:5 7.0 — = 
MODAnUS DOVINUS) 2. ee 276 41 155 184 3.0 
Dasyramphis Gt1d creneeconn-seceneeeconneeeene 253 37 15:7 150 2.4 
BOMDY]LUS MOJO <--nanncncvnenseo-neoseosssonee 45 22 9.0 44 0.4 
G hrysotoxum GICIN CHUM eee 75 Passe AWA 68 1.0 
DARD. err re ee 64 235 LOS 60 0.5 
- OL CUATUIN .rannneeeenennenee 7 28 12 74 0.6 
Volucella DCUUCEMS! 28 irene eee 73 27:54 12 78 0.5 
DOMDVIONS) seer eee 96 33 14 96 1.0 
plumata 124 32-5). 3:0 92 1.2 
fs gonaria .... 215 40 17 124 3.0 
ie mans ..... ees TS 32 13 108 2.0 
Eristalis tena ........... 73 28 1-5 74 0.6 
Echinomya grossa 197 34.5 14 124 2.0 
Catabomba Pir Asti —....----c-n-ncnceesneene 34 202) a te 40 0.4 
SArCOPNAGA COPNATIA .........-0--.-c--0-n0-0-0 45 19 75 36 0.45 
Calliphora VOnUtOLIG, ........---cncene-n--o-0* 90 22 10 50 0.9 
a erythrocephala ..........------ 23 18 75 24 0.2 
UVESCON MOMESTICE) 2. ne cerctrncectseccseanesees 12 13:5 5) 20 0.2 
TOFU REO SRT AOS coeeecree eee ee 10 14 6 19.6 — 
TYMENOPTERA : 
XYlOCOPA VIOlACEA .....-.aenencenensn-nenceen-e 614 4+ 18 172 3.0 
BOMDUS TAPIA GTS, Sox neon ao en cnn nen 495 40 16.5 165 sll 
i LERGESITISS ee eee 388 39 16 142 2.5 
os WOPLORUI ee 159 31 13 90 1.2 
is AYAESCOTUM ree ee oateees 226 30 3125 90 1.0 
VESPONCTED OO 8 ae ee en ae 567 52:5). 220 260 6.0 
. MURTY) Settee here ca a 373 40 18 180 2.4 
se ON GETITANIC Ose ee ee cece de 187 31 14 98 0.9 
IPOS GONRCIS: pee 115 ZO Steeles 46 0.6 
APES PROVE, som ee 78 20 8.5 42 0.5 
Ammophila sabulosa .......-.---0----------+ 45 20 9 42 0.5 
JANCIS: CR OMIDS. eeepc ee 52 — 11.4 — = 
.EPIDOPTERA : 
I. Rhopalocera 
Papilio podaliritas .....-...-c0e--nco-o------- 300 80 37 3,600 80 
SCM PONGCHOON jt ne eens 370 82 38 2,200 45 
MPYCTUS) UTUSSICOE) ioteesras. tetas 127 67 31 1,840 21 
SO ROY CTO Pest tetera seer ee 87 52 25 1,000 8 
SNe 0 1) pce en a a Dae eee SE bole) 49 22 760 5 
Anthocarts CArdAMineS ........e-e00-0-0 45 48 Ze, 780 42 
Rhodocera 1hamnt ......0--c--c-eee-eneeneee 107 61 27 1,200 12 
VAQESSCHUTLICOC ee 112 52 24 1,000 8 
‘ BO ot eI it OE) 195 62 28.5 1,400 17 
i ORANG eae ee ae 131 45 20 820 8 
Atala Ce eee ees 134 57 27 1,080 15 
oe COR OMA Ste SN Sock 173 58 26.5 1,040 12 
AT QyNnis PAPWIG -......e-eeeeesnereneneeenee-e-e 160 66 30 1,760 18 
of POND OTS Heese oe ae 278 70 32 1,800 28 
Pararga Moera: 222s 67 53 24.5 1,160 72 
He AGG At a a 45 44 20 720 § 


Coenonympha pamphilus .......--------- 46 3725 16 480 on 
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TABLE 6.—continued 
Wie ss a eee 


Wing- 
Wing Wing Wing Wing beat 
Weight spread length surface weight rate 
mq. mm, mm, mm.,2 mg. sec-1 
II. Heterocera 
a. Sphingids: 
LACHEPHAHn GPO OG dee 1,600 110 St «| 2050) eves 
Sphin’ CONVOLVULE -........---c-cecneneenene-- 2,200 110 49 2,160 = iat 
BP UNLEGHUSEN A cesta eames 2,400 104 44 2,000 = otis 
M acroglossa Stellatarwnt ......-..-------- 345 47.0 20 400 10 85 
bombyliformis .......-.--- 189 43.5 19.5 262 7.4 80 
Zygoena filipendulae ......-..-----0---0------- 127 38 18 300 5 48 
b. Bombyces: 
Callimor pha her]. .......--------+-----0-0-0000 196 63 28 1,080 16.4 — 
(GWelonia) villiGa eee secceeee ee 165 49 21 800 13.0 74 
Spilosoma fuliGinOsa .....--.----0eseeen-o--- 106 36 14 300 3 mal 
S MENENASELE ......0-0-0--cnceneeenee 100 39:5: 17. 460 6 = 
ZCUSEV EO GESCUIL cncacseceasce-ceecesctessnceeeeces 340 51 20 480 15.6 = 
Dasichyra pudibunda .......----.--------- 237 62 275 800 13 28 
TS CYC LPR a0 £10) ere tome toe Rene eenen pes Barer rr 595 69:5)» 31 1,300 34 18 
- QUERCUS (Aer ce ae ee 189 60 27 1,080 26.4 — 
Philosamia CYNEAG ......-.---0-----n0--n0-e- 605 132 61 5,000 93 8 
SOTUPIEG PTE cacescrecnsnenesae-cc3-—cpasonetessece 1,890 150 70 12,000 300 8 
Niotodonta Qteta ea, c2escccecrecee nee 201 52 23 500 8.4 22 
Pygoera bucephala. .......------.-------0---- 257 58 26 800 18 — 
c. Noctuids: 
Agrostis exclamationts ..........-+---------- 133 35 14.5 320 5 41 
Triphoena pronuda .........------r-0-s-e------ 485 61 30 780 30 24 
Plista.qamma =. 25.822 eee 144 42 18 440 5 48 
d. Phalenides: 
Venilia Macular td «.........----0--0---0c-c-00- Zi Joo 16 340 22, 25 
Ephemera vulgata ........---.-------------0-0-° 93 43 20 — as 29 
CoLEOPTERA* : 
Oryctes nasicornis 87 37 744 34.6 = 
Lucanus cervus ...... 83 36 800 38.5 33 
PYAONUS. COTIALIUS, ceeveeecenenececennenesnacencene 56 24 450 15 — 
Melolontha vulgarts ..........-...-.-0s-c--0 961 62 28 402 12.8 46 
Ceionia auraia. 2. Se 537 50 20 130 4 86 
Dorcus parallelipipedus ...........0------ 418 45 20 200 5 — 
Amphimallus fuscus ...........c---e0enee- 201 39 16 160 4 — 
Ceramby% SCOPONE -...-...-.-cesececececenso-e 183 a75) 116 166 18? — 
Telephorus fusCuS s.scccecececerececeneceneee 109 28:5. 12:5 116 L6re 72 
Glerus glucans eee 7A 24 11 82 1 5 
ATOMid MOSCHALG ....2......-0-00000-00-0020000 133 S16 14:3 — == ast 
ORTHOPTERA* : 
Paracinema tricolor ............------+-- 1,400 64 30 800 12.5 ae 
Oedipoda coerulescens ..........-.--00-0-0- 614 46 22 460 6.1 ne 
NEUROPTERA : 
Libellules 
5 ympethrum Siriolata Lette 232 61 31 780 8.8 — 
meridionale  ...........-0-- 281 67 32 1,000 125 21 
. fonsconlombet .........-0 157 61 29.5 760 8.2 — 
< SANGQUINEUM, ....2.seseeee 101 58:5) 25 860 6 — 
Leucorhinia caudalis ... AY) 68:51 33 1,020 9.8 —_ 
Libellula depressa .......--.- e245 80 36) 15320 14.4 20 
Orthetrum coerulescens ..........--------- 248 65 32.5 1,080 14.6 20 
= cancellatum 2.2.0... 303 80 39.5 1,200 18.9 — 


* For membranous wings only. 


TABLE 7.—DATA FROM MAGNAN AND PERRILLIAT-BOTONET, C.R. ACAD. 


ScI., VOL. 195, pp. 559-561 (1932) 


Weight of pectoral muscles and weight of body for insects 


DIPTERA: 
Musca domestica 222 
“ “ 


V olucella zonaria OMNI Bee res 

aDGHUS \OOUINUS =e 
“c “ 

VECHAR OWE QUO SSO croceno cs cassoccsastnoctandeceance 

GastropHilUs COUN See oo sotese ke onstadesecsces 

EVASTOISRECIO ae ee 


HYMENOPTERA: 
BOmMbuUs lAPtdQrtus, ..ecccosccecencserencnncaneoeeaee ee 
“oc “cc 
“  hortorum 
Vespa crabo 
“cc “ee 


“ce 


MIS COUN jotta ee oes 
Ves POC ODO Be 
VA PSN ONCLIN ITC ee ee ed 
AMMO PNila SADULOSG, .210--2---c-n-ncncensen-nea0e0 


Weight 


muscle 
ma. 


—" 


— ee 
VNC NS CSE) 
WOhOWMOCOCONN 


— ee pe 


_— Rt 
DEEN Oe EN 
SONNAN FANN O 
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TABLE 6.—concluded 
Wing- 
Wing Wing Wing Wing beat 
Weight spread length surface weight rate 
mg. mn, mm. mm.2 mag. sec-1 
EUROPTERA, Continued 
Libellules, Continued 

Leptetrum 4 maculatum .......-...-.---.--- 307 72 34.5 1,060 12.0 21 
(COL GUNGNOCH EO ee ee 201 71 35.0 —— 9.6 33 
Gomphus vulgatissimus .........-...--.---- 638 70 305 940 if es | — 
Brachytron pratense .....2-2-.00c0c0-0------- 557 77 36.5 1,200 14.4 33 
Ophiogomphus serpentinus ..........--- 312 71 34 940 12.8 42 
VAULT OVO SWS acer enn ee ene 109 50 2,280 45.4 22 
PONSHEWOPC, ee 94 45 1,950 27 = 
Aeschna rufescens 90 43 1,780 Se 20 
. GIUU UY Se RN ste) aaa pon 80 39.5 1,380 Zis5 38 
Calopteryx splendens ........2.ccc0c0e--0-0- 120 64 30 — 11.8 16 
rs CATO Owe er ee ee! 91 70 34 880 5.2 =: 
Pyrrhosoma Minimum .2.22.2.20-0-0-0-----+ 38 49 2 — 2.0 27 
WSCHAULG CLEG ONS orcs ess case tees 20 S05 ety 130 1.0 — 
POROF PG COMMUMS ncececensccrvecrsrerceosns 30 32 14.5 175 1.0 28 
Myrmeleon formicarius «2.2... 90 68.5 33 700 5 — 
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TABLE 7.—concluded 
| .EPIDOPTERA : 


Pieris brassicae 127.3 8.82 7.0 
as rapae 87.7 3.51 4.0 
“ napi Sy 2.76 5.0 
“ a 59.5 2.38 4.0 
C. i 54.2 3.79 7.0 
Vanessa atalanta 134 28.0 20.9 
“6 249 54.8 22.0 
Macroglossa stellatarum .........--------- 345.5 48.4 14.0 
Gallamorpha her <2ie- 3-22 196.4 17.6 9.0 
ct OS yore ete eel eee 157.5 16.5 10.5 
ke $y ee ee 214.5 19.3 9.0 
PROWESS 40 occasnscchcpececestuateancee ee tees 195 33.6 172 
Rhodocera 1hamni .......c0-e-seeneneneecenenenenene 150.5 75 5.0 
ATG INDIES PONGORG: 22 oie 250.5 31.6 12.6 
¢ ue eR unre irr saci 148.6 13.4 9.0 
“ $0. Mb) desi 2s Ne eee Coe 206 25.4 12.3 
ie $0 Ae ee 160 17.6 11.0 
g Oe Reheat eae eens 278.5 24.2 8.7 
Plusta Gemma. 203 ee ee 72.5 5.80 8.0 
SPilosoma FUUGINOSG. «..ccesn-asasacceseornsoneeness 106.5 13.85 13.0 
ZLewsera Gescult. dec. 2s es ees 340.7 76.0 22.3 
Bombyx Quercus) i252 aoe 189.5 21:2 112 
ORTHOPTERA : 
Oedipoda CaerUlyCeNs ...........c--snc-eenennensnen 614 49.1 8.0 
Cetonaiaurate, 2 eee 297.5 33.4 11.2 
ParacineMa tricolor ...1..0--e-ceceeseeceerecene 1,403.5 70.0 5.0 
NEUROPTERA : 
Diplax sanguinea 101 18.2 18.0 
- re 156.5 33.0 20.0 
“ os 117.5 2535 Aiea) 
x a 161.5 3080 22.0 
oS apOnScOnlOMU Cy nea ee ee 157 36.1 23.0 
Myrmeleon formiucarts ........-..0--000-n-0-- 90.5 4.52 5.0 
Diplax merndtonalis nce eee 281.6 61.9 22.0 
Uschnunatelegans yet nee nena 20 3.20 16.0 
Orthetrum caerulescens... 248.2 42.7 72 
LOSCHNG .CYONEG nena ee eee 445 106.7 24.0 
£ WEG ee ee ee 530.5 136 25.6 


W 
> 
3 
n 


WOONAMNIH wre 
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TABLE 8.—DATA FROM KARL MULLENHOFF, PFLUEGER’S ARCH. 
GESAMTE PHYSIOLOGIE, VOL. 35, pp. 407-453 (1885) 


Data for birds, bats, and insects 


P—Total weight in grams. 
Weighings made to three significant figures on freshly killed animals. 
p —Weight of flight muscles in grams. 


F—Total sustaining surface in square centimeters (values not given in the tables 
which follow). Birds were placed on their back with wings and tail feathers 
extended as in flight and the entire contour traced on white paper. Parallel 
lines 1 centimeter apart were drawn on the figure and the area measured, 
taking the mean length between lines and summing the areas. 

Insects were mounted on needles, the wings arranged as in flight. After drying 
the specimens, the contours were traced on millimeter cross-section paper and 
the individual square millimeters counted. 

f —Area of both wings in square centimeters. 

Determination as for sustaining surface. 

The area for a given contour could be measured with an accuracy 1 to 1,000, 
but repeated measurements on a given bird, because of variable stretching of 
the wings, would deviate by as much as 1 in 100. 

K—Wing spread in centimeters. 

1 —Length of both wings in centimeters. 

These were taken directly from the contour drawings made for the deter- 
mination of F and f. They are accurate to 1 part in 100. 
The values given by other observers were selected by Miillenhoff on the basis 
of their accuracy and self-consistency. The different observers are identified in 
the second column as follows: 


1, Millenhoff 4, V. Ledenfeld 7, De Lucy 
2, Harting 5, Marey 8, Pettigrew 
3, Mouillard 6, Legal and Reichel 9, Krarup Hansen 
Wing area 
Flight for both Wing 
Weight muscles wings spread 
Ob- gms. Wt.-gms. cm2 cm. 
server 12 D f£ K 


Pteropus edulas 0.2... 2, 1,380 117.6 1,630 120 
. GCOGFTOY1 cerercaneenee 3 53 — — 48.4 
Macroglossus minimus ...... 2 21.4 = 94 24.5 
Phyllostoma perspicillatum 2 47.7 — 190 36.8 
. spectrum ...... 2 164 — 626 59.9 
Megaderma trifolium .......- 2 52.1 — 164 44.8 
Glossophaga soricinus ...... 2 14.6 — 94 24.0 
Vespertilio pipistrellus ...... 2 5.6 0.35 50 a) 
2 murinus 6 ...... 4 20.9 — 180 — 
i CS em ee 2 34.9 — 140 42.0 
ss pipistrellus  .... 1 3.703 — 49.59 19.75 
Plecotus Quritus ..........-+--- 2 10.4 0.76 70 26.0 
Taphozous saccolaemus .... 2 18.7 — 158 29.5 
Mormops sp. 02nd 2 20.8 _ 94 28.7 


Length 
of both 
wings 
cm. 
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TABLE 8.—continued 


Wing area Length 
Flight for both Wing of both 
Weight muscles wings spread wings 
Ob- gms. Wt.-gms. cm.? cm. cm. 
server 12 Pp f K 1 


oe ee eee 
Bats, Continued 
15 Nyctinomus aegyptiacus .. 


3 ; 
16 Molossus longicaudatus .... 2 33.5 -- 104 35.2 31.0 
17 Noctilio unicolor. ........-------- 2 44.5 — 254 46.2 44.0 
Fiyinc FIisH: 
308 Dactylopterus volitans ...... 2 572 -- 440 41 43 
309 E-xocoetus evolans .........----- 2 107 — 124 24 21 
Brrps 
18 Lanius excubitor Q .......--- 4 31 — 144 — — 
19 Turdus merula «2-0-0 5 94.0 _ 230 — ~- 
20 s see am ay Se oe 2 88.8 19.05 212 — 32.0 
21 st iia Aste ee 6 74 19.6 168 — — 
22 A = SP ELGYES «Specs reenceee) 1 100 — 186 39 aie 
23 Te oe ee 2 103.4 23:3 202 — 34.4 
24 Saxicola oenanthe .......-.----- 5 56.1 — 125 — — 
25 Parus coeruleus <....-c-2------- eZ, 9.1 — 28 — 18.0 
26 SE IOI ON. x. see care 2 14.5 2.10 62 — 21.0 
27 Alauda cristata ......-...-------- 5 36.8 — 202 — — 
28 ie ad Wee eae a tet 3 34 — = 30.5 — 
29 of URN ey Soret a 3 37 —= — Sout — 
30 SN CLIU CISES risers arom 72 32:2 5.10 150 — 31.6 
31 Emberiza gubernatrix ...... 2 TAS) 2.03 100 — 21.0 
32 Fringilla spinus .........--------- 2 10.1 — 50 _— 19.0 
33 os cannabina .........- 6 19 5.18 55 — — 
34 Petrocincla cyanee .........-.- 3 53 — —- —— — 
BO ILA VEC SHLAU Cy etree eee 5) 20 — — 27 — 
36 Passer domesticus @ .....-.- 4 28.33 — 76 — — 
37 sf 4 Chee 3 27 — — 23 — 
38 ie 8 OSs 3 25 — — 22.6 — 
39 i ce 1) Glia ees 6 34 8.74 82 == = 
40 Bombycilla garrula ...........- 2 60.0 11.0 88 = 32 
41 Sturnus vulgaris ......-..0----- 5 78 — 202 == = 
42 2 cht Eoeale oe Sie 6 82.5 20.48 192 36.5 — 
43 y Game. green ere 2 86.4 16.45 170 = 33.4 
44 ss peeeMAr ies Soc te oe 3 7h = = 38.4 mS 
45 Gracula religiosa .........------- 2 161 17.2 376 — 52.0 
46 Corvus acgyptiacus .......--- 3 395 -- — 84 — 
47 COND. <tee ec 3 615 -- — 107.5 — 
48 Se  COrinitn oe 6 615 141 1,343 = = 
49 . io aa au Saeed 6 615 151 1,280 — a 
50 as $Y zap ee eae 6 598 140 1,144 =5 — 
51 ts Soy Vin raced Penn aa 6 595 131 1,286 — — 
52 sf UR Re kee A, 6 565 140 1,310 = — 
53 te me etl ee 6 557 115 1,260 78 — 
54 cs Si a) p, Meae en nes 6 557 120 1,324 ow ait, 
55 7 See ts dey oe 6 547 129.7 1,324 — be 
56 : ee PEN 6 519 121 1,280 = ses 
57 ‘ af A ee 6 498 103.9 1,003 — — 
58 e Ss 1), eee te 5 375 — 1,156 = pas 
59 os fr eteaheclese eee 6 493 108.4 = Le wat 
60 ©) jfrugilegus, 22. 6 575 1,219 1,285 92 — 
61 Can} batt Ne 6 419 89 1,144 == a 
62 ECONO Ee ee ee 6 507 109.6 1,144 = — 
63 a PE Nlp | Meo 6 484 100.6 988 — — 
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TABLE 8.—continued 


Wing area 


; Flight for both Wing 
Weight muscles wings spread 
Ob- gms. Wt.-gms. cm.2 cm, 
server 12 p £ K 
TRDS, Continued 
G4 ~ COruus COTONE -.eonnonnnnenen-o-- 6 498 115.1 1,284 = a 
65 * On recat 6 477 93.6 1,190 _ = 
66 ST monedula’ 2.2.2 6 230 54.06 700 == = 
67 4 Sy gett es eas 6 225 55.0 601.4 60.0 = 
68 os Se hrs teed tee 6 204 53.3 610 64 — 
69 Sse PICO) Reel ns 6 202 48.96 560 5555 == 
70 eS Sie eh ln tobe alt 6 190 35.3 522 = _ 
71 i. pr nals ned eee 5 179 42.02 482 51 ae 
72 - ee ease ats Pte hig 5 275 = 690 — — 
73 - hr ey ie A eel ee See 6 ZZ — 540 = == 
74 Nucifraga caryocatactes .... 6 176 43.3 460 — = 
75 . + exe 6 174 39.6 466 == = 
76 Garrulus glandarius .......... 6 125 36.4 443 == = 
77 . NP, neal n 6 132 375 508 — — 
78 ms reagent il 180 — 565 56 47. 
79 x Sint a 6 156 40.1 546 = == 
80 se aC Ra pitatoners 6 165 39.9 490 — = 
81 DPN Le hee 6 188 45.0 Shil — — 
Soar U pupa epops 2. ee 5 49.1 = 329 == == 
83 y ioe anette nt 3 62 — — 43.0 = 
84 Cypselus apus Qo. 4 SKS — 144 = = 
85 s Neha Ed Sones: 3 33 — — 37.6 — 
86 Hirundo rustica ................-- 4 15.7 — 135 — — 
87 is Loh Loni norte ee 4 19.4 — 114 = a= 
88 Bs Shy eee 4 18 — 110 = a 
89 at gy eee ee 4 19.9 — 134 —= = 
90 a e eeeadult 4 19.9 = 134 = = 
91 : Sea? UV esc 4 19.4 = 114 _ = 
92 e CW AD HOO pe eee 5 18.0 —_ 120 — = 
93 Cotyle rupestris ...........00---- 3 16 — — 31 = 
O4  CAPTIIMUlQUs. -22..cncsnnnan-—-—-- 3 62 — — 50.9 — 
95 Ceryle Masta -.....2-.-.----.- 5 86.0 — 2.88 — — 
96 s Soe By cent tat eS 5 82.9 — 270 — = 
97 Psittacus erithacus ...........- 2 300 37.9 584 — 59.6 
98 i rane eee 1 200 — 710 71 60 
99 Chrysotis amazonica .......... 1 300 = 895 73 63 
100 Plyctolophus sulfureus ...... Z 250 23.9 544 = 60.6 
MOQ PICU SIUITIdts) 22 6 101 28.08 408 — = 
101 Alcedo ispida Q ...............- 3 27 — — 232, — 
102 : S PS iene ee 3 31 — — 25 — 
103 i « Geen es Senet 3 34 — — 26.2 — 
104 Coracias garrula .............--. 3 133 — — 62.5 = 
105 Merops aptaster «1... 5 18.30 — 117 — = 
106 Vultur cinereus .|.........--.--- 5 15535 — S239 — = 
107 ha Cras ae ee Olen A en ee 5 1,664 — 3131 = — 
108 Otogyps auricularis ............ 3 8,152 — — 266 = 
109 Gy ps fUlUs .....ecncncennvcveecenee 3 7,501 — _- Zoi — 
110 Neophron percnopterus .... 3 1,705 — — 161.5 — 
111 Hahaetus albicilla .............. 1 5,000 — 7,973 226 190 
112 s ea he eee 1 4,500 — 7,000 217: 182 
113 ue ee 4 Peeves: 1 4,900 -—— 6,200 209 185 
114 Pandion haliaetos .............. 6 3,055 744 5,852 — = 
115 ss eee ae sees 3 1,270 — — 155 = 
116 s AT ee eeatie Bea 6 1,950 518 3,142 es as 
117) Faico migrans 2 5 620 — 1,904 — = 
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TABLE 8.—continued 
mete fol ee ee ee 


Wing area Length 

Flight for both Wing of both 

Weight muscles wings spread wings 
Ob- gms. Wt.-gms. cm2 cm. cm. 

server 1 p f K 1 
Birps, Continued 

118 Falco tinnunculus ......-..2-0-+ 5 129 — 642 — _— 
119 «“ cee rele ee 3 181 — — 74.0 — 
120 a Li ANE veri sk 6 260 B27, 680 65 — 
a1. e minor... 95 147 = 546 — = 
122 “  kobeck (?) 5 282 — 970 _— — 
125 - subbuico —..-. 5 510 — 1,684 a aut 
124 “ peregrinus S) 580 —- -- 104 -— 
125 Milvus aegyptius .........---- 3 640 = — 133 pa 
126 Astur palumbarius ........---- 1 800 _- 1,520 103 92 
127 “s oe a ote a 3 290 — — 71.8 —_ 
128 Accipiter nisus Q ...-....-0-- 1 260 — 800 75 67 
129 if ei ivi 6 275 85.1 690 68 — 
130 a eee 6 766 250 — 88.5 — 
131 < ee Cee cee 3 152 — — 61.8 — 

132 se Ce Nea toes 1 150 — 496 55.5 49.5 
133 fe 6M OMe due os if 250 — 710 69 60 
134 Re a pee cee 4 266 — 866 — — 
135 Circus aeruginosus .....-..---- 5 209 — 1,188 — — 
136 Buteo Vulgaris ..-.....----------- 1 900 — 2,610 130 113 
137 s PieY) acces ogee ee 1 900 — 2,590 126 109 
138 x S| eee oe tee 1 800 — 2,210 125 105 
139 ¢ Sn Wel eee eee 1 600 — 2,170 117 100 
140 7 cs alia ne aeons 5 785 — 1,651 — —_ 
141 sf Sih Wie ee 6 785 154.6 — — — 

142 os Speen eet Oily eevee) 6 1207 242 2,350 123 30.1 
143. Archibuteo lagopus .........-.- 6 862 176.9 2,280 120 == 
144 fe Cp ghee 1 1,000 = 2,359 140 117 
145 eh aa Wert pi 1 890 — 2,020 129 108 
146 s Sie (eee 1 1,000 — 2,445 135 114 

147 tah diye 2% 1 1,000 — 2,510 144 123.5 

148 ~ Sint dy awed 1 900 = 2,220 132 115.5 
149 & Seal Cee nee 1 19125 — 2,880 143 123 
150 He FEA aetna Ne 1 750 — 2,420 137 116 
151 Strix flammea 1 400 — 1,190 97 84 

152 3 rs 1 250 — 1,440 97 84.5 
153 ze * = 4) 305 — = 94 a 

SARA StONOTUS eee ee ee 1 275 — 1,010 92 88.5 
POSS Geve pha A ee 6 232 47.9 1,102 92 = 
VSG a en, fet ecs he oe ee 6 237 50.84 1,154 _— = 
157 Asyo brachyotus ...........0-0- 1 370 — 1,230 103 88 
158 Syrmium alco... 6 1,777 376 3,020 94.5 — 
159 Athene passerina ..........0----- 5 129 — 442 — — 
160 ce eee ls ees ae ae 5 123 — 394 — = 
161 Ephialtes scops ...........00--0 3 150 — —_ 52.6 -- 
162 Columba Wivia ........1.....000-0--0 7. 290 — 750 — — 
163 OF on pire es es 4 298 — 608 — — 
164 a Seto iam, ceauttens 1 205 — 598 70 59 
165 ‘ Or Ol pala kee te 1 202 — 541 64 54 
166 - COMESHCA  -.ane-one 6 206 93.8 = = _— 
167 vs Sa fy \ Am eee 6 335 113 650 64 — 
168 ‘ aegyptiaca @ .... 3 257 — — 56 — 
169 . TAGE Oe 5 112 — 292 — — 
170 4 aegyptiaca ........-. 3 223 — — 59.4 — 
1 71 “ mart Mone re on 3 1 10 ae hak 21 5 Emo 
172 Tetrao urogallus @ .......... 1 2,700 = 1,785 116 96 
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TABLE 8.—continued 


Wing area Length 
; Flight for both Wing of both 
Weight muscles wings spread wings 
Ob- gms. Wt.-gms. cm? cm, cm. 
server 1e p f K 1 
Birps, Continued 
173. Tetrao urogallus © .........- 1 2,600 = 1,800 113 96 
174 iB by OF net Ee 1 1,450 — 1,380 102 85 
175 Se FEHR: Gn | ese te os 1 1,350 — 995 82 79.5 
176 3 sf OMe eee 1 1,030 — 850 80 68 
177 a Gas ees 1 1,200 — 880 87 71 
178 . wo Olt kee 1 730 — 530 62.5 51 
179 f os Orlse Suee ea 1 1,000 — 775 75 61.5 
180 ide DOTGSSG) te 1 370 — 340 52 40 
181 it \ be ams eee Bers 1 375 — 375 51 40 
182 Lagopus alpinus «2.2... if 530 — 640 66 56 
183 Se a rats ee 2 1 650 — 452 60 50 
SE Cr OUTaT Uy cece 1 380 — 400 51 41 
185 “ SEO MATA LISS cages eed 1 340 — 340 49 38 
186 SM CIILEN. CONN O) tenets 1 450 — 365 53 41 
187 ia Me 14 Pu tens euar 6 320 105 336 == ae 
188 " es eens AU keh teat, 6 372 123 382 = = 
189 sf SNe coc eles 6 375 126 366 = 22 
190 iY Sh ete aces esos 5 280 — 320 = —_ 
191 Coturnix communis ...........- 3 100 — — = — 
192 e ss ee ee 4 92.1 — 142 — = 
LOST AVONCTEST Guise 1 3,300 — 3,480 128 104 
194 Phasianus colchicus @ ...... 1 950 — 755 52 
195 es SE eae Oa 1 1,100 — 855 72 57 
196 e - One 1 1,000 = 880 76 61 
197 He y re soit 1 1,570 — 895 72 55 
198 ug Qe 1 1,250 — 896 72 56 
199 “ i Seetare 1 1125 — 900 73 59 
200 Meleagris gallopavo .........- 3 3,000 — — 110 = 
ZU Otistiarda iD) pe 1 8,900 — 5,729 207 184 
202 es RNS Api see eles 1 9,600 2,300 5,937 208 181 
PAU} Gi xO perenne EEE 7 9,500 — 8,543 = = 
204 Rallus pectoralis .............-+ z 142 15.4 328 — 42.0 
205 “ aquaticus 3... 2 170.5 19.05 202 — 33.0 
206 LE 3 eee 3 192 ae am a = 
Ze COMGtT Cee 2 495 51.8 524 — 53 
208 Gallinula chloropus ...........- 3 595 — — 69.6 = 
209 Ocdicnemus crepitans @ .. 3 455 — — 80 — 
210 - as is 3 470 — — 77.3 = 
211 Hoplopterus spinosus ........ 5 160 — 636 — = 
212 ‘ SOL maacsu 3 170 — — 60.0 = 
213 Charadrias pluvialis .......... 3 160 — — 58.2 — 
214 is SOM twain 6 190 55.8 366 = = 
215 Sem A eda rate 6 170 49.3 334 == == 
216 es MANOP  -.vevneeneneee 6 59.5 17.6 183 = a 
217 Haematopus ostralegus .... 6 555 137 722 81 = 
218 “ “ 6 488 79.5 aa 75 aya 
219 6 521 128.1 740 = === 
220 3 : 6 445 106 642 — Bus 
221 by : 6 437 99.4 697 = == 
222 g 6 389 93.9 670 = == 
223 AS 6 358 42.1 562 = a 
224 ss 6 341 84.8 708 = = 
225 Glareola torquata ............-- 3 67 — = 52.5 et 
226 SS ete ie Se eer ee 5 95.2 — 343 oh dist 
227 Vanellus cristatus ...........-.. 6 190 53:5 614 ans ait 
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TABLE 8.—continued 


Wing area Length 

Flight for both Wing of both 

Weight muscles wings spread wings 
Ob- gms. Wt.-gms. cm.2 cm. cm. 

server 12 p f K 1 
Brirps, Continued 

228 Vanellus cristatus ........-.---- 6 204 55.0 624 — ais 
229 - ya ties cen 6 232 63.0 720 a _— 
230 s 5) Widen 6 232 64.4 730 66 as 
231 if oie) | Le 3 210 —— — 75.5 == 
232 Strepsilas interpres ..........-- 6 136 32.7 235 — — 
233 Scolopax rusticola ..........-- 1 300 — 500 63 53 
234 a OT ee 1 320 = 500 64 54 
235 Se eee 1 300 — 505 63 53 
236 a gallinago -....-.-.--- 3 100 — — 44.3 — 
237 a SS eeAllt odes en 1 300 — 440 59 48 
238 si Coes 1 270 = 490 62 53 
239 G Sai VE etetaet 1 300 — 505 60 51 
240 fe eka! 0g wn ree 6 55 Sto 137 — == 
241 Rhynchaea capensis ..........-- 3 103 — os 40.6 — 
242 Numenius phacopus ......-.-- 2 440 59.3 964 —— 90 
243 arquatus 6 ...... 5} 764 _- — 103 = 
244 - is Oita 3 520 — — 95.5 — 
245 e 6 585 167 920 — sos 
246 : 6 615 175 — — — 
247 cs 6 676 169 1,020 — — 
248 6 695 199 936 93.5 — 
249 s 6 762 203 924 98 as 
250 - 6 898 PAS 1,160 — = 

251 Machetes pugnax 6 .......-.- 2, 190 48.4 328 — 52.4 
B5en TANGO CINCIES eee teen ee 6 120 315 262 — — 
253 e subarquata ........---- 3 76 — — 43.8 — 
254 CANULMS Gn 3 24 — — 29.6 = 
255 ss SP ee ee 6 49.5 13.5 136 37 — 
D5OW ME VINOSCAUUIO ee 6 208 SB 425 == = 
257 “ Nesta Rede Se ee peat Oot 6 220 56.2 428 = = 
258 Si Poel ede Sens a 6 227 57.6 444 = we 
Z58ae a Senceeties Sone eiaesnete 6 235 67.4 492 = = 
250 OLONUS Spee 6 47 12.4 144 = = 
260 B Spi cieaal ean eee 6 49 12.54 149.4 = ae 
261 ba TUSCUSS jt eee 6 229 58.6 494 = = 
262 Recurvirosta avocetta ........ 3 325 — = 70 == 
2ZOdn ibis falcwiellus) ee 3 365 — = 90.0 — 
Zo VCiCOnia Pett ee 6 3,300 857 4,880 170 = 
265 COW NUCL D Oi crete ee Bea ae 3 2,140 = = 208 at 
266 if se ped tae EON a Td 7 2,265 — 4,506 — os 
267 Ardea NYCtCOTAR ............000- 3 615 — — 104 — 
268 OC  NCUMET EG OUR ete 4 1,409.5 = 3,584 = sus 
269 Botaurus stellaris 6 .........- 1 1,500 — 1,915 120 100 
270 Ardetta minutus ............--- 3 318 == == 89.3 ee 
271 ANSEL CINELCUS ......e-ec-ne-n-n--- 3 2,020 — — 137 == 
QU ANTS ro ene 6 606 165 642 78 a 

21S O) JBOSChas Our 1 880 — 685 83 69.5 
274 pa Biry n Essa Pa Ga 1 1,100 — 900 94 78 
275 = iu Ohites eee 1 900 — 710 83.5 70 
276 z fv Ora rod scenes 1 900 == 735 89 73 
277 ee re Cue ae 1 950 — 838 87.5 75 
278 S y ie) 1 900 — 813 88 71 
279 ss i" 3 1 1,000 — 687 85 72 
280 “  querquedula ... = 3 297 == as ee a 

281 et SEFECER AG ee ee 2 275.5 63.85 —_— — 49.6 
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TABLE 8.—continued 
\ Wing area Length 
: Flight for both Wing of both 
Weight muscles wings spread wings 
Ob gms. t.-gms. cm.2 cm. cm, 
server 1p Dp C 1 
Birps, Continued 
282 Anas clypeata B «0.000 3 925 — = 72 a 
283 rf © OU 3 727 — = 70 as 
284 Fuligula cristata ............--- 6 1,116 343 1,440 104 = 
285 s clangula 1 827 = 480 69 58 
286 u GLaCtONS eee 1 922 — 550 74 63 
287 NYTOCG) ees 2 508 76. 642 — 70 
288 Pelecanus onocrotalus ...... 3 6,625 = == 280 = 
289 Procellaria gigantea .......... 3 2,880 — = 175 = 
290 Pruffinus Ruble. ccececereoee 3 700 — — 125 os 
291 ie ie seer at 3 500 _— = 117 = 
292 Diomedea exulans .............- 8 12,700 — = 400 = 
293 Larus melanocephalus .... 3 232, — == 94.6 = 
294 i e 3 280 — — 96.5 — 
295 “_ argentatus .......-.-. 2 565 93.0 1,082 == 96 
296 se ee oe ere 6 842 143 1,550 — == 
297 4 WS ee 6 1,035 161.2 2,380 = = 
298 S NTR, yee 6 1225 198 1,880 = = 
299 : oe WRT eet 6 1,080 185 1,936 = = 
300 © PAdtDUNAUS — .....0..0000 2 197 26.13 662 = 83.0 
301 MS COMUS eer re Lar 6 355 68.3 1,118 108 — 
302 x Seah in eee eh ee 6 642 — 1,748 = _ 
303 cs il Pea Ne ORs 6 720 130 1,742 — = 
304 3 Oi ice Moye, Beier. 6 785 130 1,920 — = 
305 Sterna Cantiaca ........-...---- 6 174 34.9 660 93.6 = 
306 2 BUONO) 6 116 2593 427 79 = 
307 So ME PINUTG! Acne 6 53.0 11.9 185.4 50 = 
INSECTS: 
311 Ephemera vulgate .............. 1 30.8 — 126 37 34.5 
312 Calopteryx virgo Q .......... 4 200 _ 1,394 of) 74 
313 a ey (Oo ae 4 100 — 1,112 68 66 
314 Agrion puella B .........0-0-0-- 4 26 ~~ 220 45 44 
S15) weibellula cyanea G22 4 920 — 2,290 108 106 
316 © Gepressay em 9 200 — 80 = 
317 oe So MRT? gb ern 4 600 — 15332 82 78 
318 i. vulgata O .......... 4 150 — 728 Gy) 57 
319 cancellata @ ...... 1 620 — 1,456 85 82 
320 Cordulia aenea @ .......--.---- 4 240 — 1,048 71 70 
321 Libellula cancellata © ...... 4 440 — 1,408 86 84 
322 “ quadrimaculata ¢ 4 290 — 1,108 76 74 
O25" Setodes Puosus seo— 1 13 — 141 30 28 
325 Calosoma sycophanta ........ 1 641.4 — 390 54 43 
326 « et eee 1 802.6 — 336 57 44 
327. Hydrophilus piceus 6 ...... 1 5,212.4 — 779 88 74 
328 Ss Syd keds Baa 1 4,950 — 770 85 72 
329 “ pat pau tee 1 3,327.6 — 674 79 66 
330 i" Pe ON eee 1 3175 — 600 72 59 
331 Dyticus marginalis 9 
AUIGLOW EM weet ee ae 1 L772 — 479 60 50 
332 Dyticus marginalis 2 
SWMOOtH, are eee da 1 VAS V5) -- 658 73 62 
333 Dyticus marginalis 2 
PULTOW EUs en ee 1 1,962 —— 510 66 Sy) 
334 Dyticus marginalis @ ...... i M277. — 600 70 60 
335 Acilius sulcatus 8 «2.2... 1 314.7 -- 201 40 34 
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TABLE 8.—continued 


eee eee eee —————————————————————— 


Wing area Length 
Flight for both Wing of both 
Weight muscles wings spread wings 
Ob- gms. Wt.-gms. cm? cm, cm. 


server Dp f K 1 


Insects, Continued 


336 Colymbetes fuscus ......----++- 1 275.5 oa 240 40 35 
SRY ‘ OT OPW) ess ore 1 77 — 89 26 21 
338 Geotrupes stercorarius .....- 1 997.5 -- 177 50 36 
339 Melolontha vulgaris Q .... 1 950.8 — 366 61 50 
340 i iE Olvnas 1 975 —_— ShY/ 64.5 53 
341 s Cuee 1 667 — 285 61 49 
342 Ludius Geneus ..........0------000 1 68.6 — 67 18 14 
343 Cuuler pipiens -..n--n--n--n-re-n- 7 3 — 30 _— — 
344 Chironomus stercorarwus .. 1 i, — BHO) 7 6.5 
345 Pachyrhina pratensis 6 ...- 1 41 — 69 34 32 
346 cy ‘a Ones 1 7 — 62 36 33 
347 Tabanus infuscatus © ...... 4 160 — 176 == = 
348 Leptis scolopacea 6 ........-- 1 29.5 — 62 28 25 
349 2H : ‘ae eieeee 1 34 — 58 26 23 
350 ~ * Ore cea 1 78.2 _— 58 26 23 
351 < = 3 1 26 — 46 23 20 
352 Musca vomitoria .......- 1 65 — UE 24 18 
353 “domestica Q@ 1 16.9 — 25 15 12 
354 < Soe i a eh Dae 1 10 — 18 14 12 
355 és Se, We oe 1 bes) —_ 16 14 12 
356 Pollenta ruts —c...-c0c-n-no----- 1 53.4 -- 37 eA 16 
357 Eristalis rupium .......---------- 1 88.2 — 34 19 16 
358 : gencus 2 1 38.4 — 32 20 17 
359 ks pe eee 1 38.7 — 31 “All 18 
360 be Pei Nie oe eet a Pes 1 62.9 — 37 23 19 
361 os To eee ee ra 1 35:5 — 2h 19 15 
362 ie SdeL ge ment eens se 1 38.0 — 32 21 17 
363 Syrphus SCriptus. .......-------- 1 7 —_ Vi 15 13 
364 Sarcophaga carnarie ........-- 1 69 — 50 24 19 
365 :* stercoraria .... 1 23 — 38 ZAI 19 
366 Papilio podalirius ...........--- 1 340 — 1,120 70 68 
367 Preris Drassicae ..-...--c.n.---- 1 81.8 — 928 50 47 
368 ze SRE eric 7 200 — 1,660 =— = 
369 Rhodocera rhamm 6 .......- 4 183 — 1,254 = a 
370 : RSA eerie 1 128.4 — 1,138 56 53 
371 Argynnis aphirophe 6 ...... 4 25 — 404 = — 
3/2 Vanessa urticae 2... 1 114 _ 840 53 51 
373 ‘ C-ALDUIM,  senennnen-n-- 1 38.8 _ 330 34 31 
374 Lycaend Argus 8 -...----0--0---- 4 12 — 294 == == 
375 Sphinx pinastri 6 ......-.--- 4 430 — 1,010 = — 
376 “ “cc 2 

(withyeggs))) see 4 540 — 1,030 as aes 
377 Sphina ligustri Q  -....c--o-- + 1,920 — 1,864 = — 
378 oe : Ee a 4 1,370 — 1,600 = ee 
379 Smerinthus ocellatus ¢ .... 4 550 —— 984 — = 
380 Euplexia lucipara ¢ .......... 4 75 --- 334 — — 
381 Apts mellifica J r.c.ccceoen 1 81.2 10 — ps = 
382 i ee 2a as 1 80.2 12.4 — mas 2 
383 ‘S ON eae, ome 1 93.5 1251 = = = 
Sod! oy Dy Rien sceeet 1 108.4 14.8 — = — 
384 “cc “c sor 

Gwith“pollen)) 222 1 103 — 57 20 16 
385 Apis mellifica JY... 1 74.2 — 39 18 15 
386 Bombus MUscorUum .......-0--- 1 345.6 ca 81 28 20 
387 PLALOTUM  ..n.0eeene 1 443 — 103 38 28 
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TABLE 8.—concluded 


Wing area 

: Flight for both Wing 

Weight muscles wings spread 
Ob- gms. Wt.-gms. cm.2 cm, 
server P p f K 

Insects, Continued 

388 Bombus pratorum. ............ 1 271.2 — By 26 
389 a cet Bee 1 257 — 90 26 
390 Systropha spiralis .........-.--- 1 24.4 — 34 17 
391 ios Palette Pa 1 14.5 — 45 17 
392 ss ft i eae oneal 1 152 — 32 16 
393 ss Se etree 1 21.0 = 27, 21 
394 Osmia Ddicornts ..........0------- 1 52.9 —— 47 21 
395 SLC UN GOW 1 34.5 — 38 20 
396 Dtchr0d GtDDG -c.xcceoca-oeonss- 1 19.2 — 28 16 


TABLE 9,—DATA FROM AUGUSTO RUSCHI AND 
CRAWFORD H. GREENEWALT, UNPUBLISHED 


Wing-beat rate, body weight, and wing length for certain hummingbirds. 
The nomenclature is from Ruschi, derived, I believe, from Simon. 


The wing-beat rates were measured, some by Ruschi, some by Greenewalt, us- 
ing a portable stroboscope. In principle a slotted disk was fitted to a monocular 
so that the slotted portion of the disk passed through the optical axis. The disk 
was driven by a battery-operated variable-speed motor. A small generator, 
mounted on the shaft which carried the disk and driving motor, was connected 
to an ammeter calibrated in revolutions per second. The technique comprised 
sighting on a hovering bird and adjusting the motor speed until the wings ap- 
peared stationary. The wing-beat rate was read off from the ammeter connected 
to the generator. 

The individual readings differ widely in probable error. In two cases—Calli- 
phlox amethystina 8 and Melanotrochilus fuscus—many readings were made 
and the observed rates are believed reliable to a few percent. For most of the 
others only one or two readings were possible, and the birds moved so rapidly 
that only a few seconds were available to bring the instrument to equilibrium. 
Individual readings could easily be in error by as much as plus or minus 10 per- 
cent. 

Weights and wing lengths were obtained by Ruschi on the same individuals. 
These are not necessarily the same individuals for which wing-beat rates were 
determined. 

For comparison, wing lengths, supplied by Lanyon, American Museum of 
Natural History, from the literature (principally Hartert), are also given. 

The wing areas are calculated values. Length and area measurements are 
available for three species (Archilochus colubris and A. alexandri (Poole, 1938) 
and Eupherusa eximia (Magnan, 1922)). The averages for these three species 
result in the equation A = 0.71 F where / is the length in centimeters and A the 
area of both wings in square centimeters. The areas given in the table are calcu- 
lated from Ruschi’s wing-length measurements using this equation. 
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TABLE 9.—concluded 


ing- eight ing are F 
eee Wee tere aes Wing le ngth 
rate bird cm.? SS 
sec-1 gm. calculated Ruschi Lanyon 
IME ClANOETOCHAIUS PUSCUS <c.ccccnc-ctencnacarecesezcso)ssdoncearcbeses 29 6.8 45.6 80 84.4 
Aphantochroa cirrochloris ... 27 6.9 31.9 67 69.7 
Clytolaema rubricauda & 28 6.8 38.9 74 74.7 
a J 22 6.5 30.0 65 66.7 
LOBWMOTAIS INGGHUTICUS GB  oecnoscnsecensescemenenntecaseecoontent 58 2.3 19535 40 41 
as uy ON ae ee 52 P| 11.35 40 41 
Anthracothorax nigricollis 8 .e....sececececececeeeereeees 28 6.8 34.8 70 69 
Eupetomend Macrourd MACLOUrG. .....-.-.--n------------ 19 7.5 39.9 75 74.7 
Amasilia brevir ostris 8 ..ssc-ecescessesesnencecessnsceceeses 38 4.0 17.8 50 50.7 
GOUBFE SET II OSITES oa cicccctas ecco cto ees 28 6.0 34.8 70 74.7 
Se ELC EDIE ones cacheneehas eo tore 24 7.1 35.8 71 74.3 
mee COTUS CONS beeen tech ete 24 8.9 49.0 83 80.3 
DBOESSORMEGUG GOT CUNG cinco i cceemtmcnsosnveceocnvontievaeesn once 20 8.1 42.1 Wd: 78 
Phaiolaema rubinoides aequatorialis. ...........------- 20 6.7 30.0 65 Ad). 
EDS TOCHAiESNC HIN SUNG treet eee 28 4.6 ZL, 56 51.3 
Heliangelus wilsoni &  ......ceccessevecessesessceseeesneeeenee 18 ZA 32.8 68 1ed. 
Ligiacharns .cyanus 9 2. eee 30 3.4 18.5 Si 49.3 
ss us Eee seh tea seed eee i POEL ETE: 32 3.7 19.2 52 — 
ie SOpphiving (6) esc eas 31 42 19.2 Gy isa le7/ 
LOPROTNS VCTI COUR, Qo occa ee ccense 41 3.0 11-35 40 44.7 
Galhiphilox amethystina. 6s... 78 2.8 7.74 33 36 
7 So We NOI aEL Suet gees ae 62 2.8 7.74 33 | 
Popelairea langsdorffi melanosternum Q .......----- 51 3.0 7.74 33 37:3 
ENStTer a CMSITETO Oe a Ne ae 22 12.5 42.1 77 80 
Plorisugamelivora Oo 2 ee eee 27 6.2 31.9 67 69.7 
Popelatrea langsdorffi melanosternum 6 ..........-- 58 3.0 7.74 Sh) — 
Plorssugasmellivora Q' sc ck ls I ae 22 6.7 31.9 67 — 
Chrysolampis mosquitus @ ........ 30 4.1 2331 bY/ 56.3 
Chlorostilbon aureoventris & . 30 3.5 17.0 49 50 
Stephanoxis lalandi @  .........-.-- 25 4.2 20.7 54 52 
- eed WO bi ak Mo Ee eae eS ete 20 41 19.2 52 — 
Thalurania nigrofasctata 8 .........-0c-ce-ceceeenceo-eee 33 4.3 23.1 By 57 
EVZOCHEMAS TECIONG {Or Oh eh ee 27 7.0 36.8 72 73 
Phacihorms h. hispidus 6 22k cet es 26 7.0 25.6 60 60.7 
eucochlorisialbtcolltsi Gee ee 32 6.0 25.6 60 60 
Aglacactis cupripennis Q c.rescccececsseccnerceseceeseeeseseone 15 7.3 52.6 86 87.7 
Amasilia tephrocepnala 8 -..cccconcccrovecenssseesnneceneo-nss 30 SZ 33.9 58 59 
Glaucts: Jursuta Qi sss Pod Te ee 21 7.0 Pa | 57. CVE: 
PAS ESIAGPANE NO Beeler e 31 Sil 13.7 44 48 
Coehgenaitorquata ior eee ae 22 7.8 39.9 75 78.7 
Hekomaster furcifer: 6 2222 ee ee 29 5.3 223 56 56 
PGtagonG: Gtgas. Succes a 20.0 120 130 132.7 
Heliothrix aurita auriculata @ .......c.-.-0-00------- 19 5.9 30.0 65 65.3 
wtepnanozits loddiges! 6. oe ee 25 4.0 19.2 52 Ses 
Discosuraulongrcaiady Aap ee 40 3.7 14.4 45 — 
VAM GUSEGS. SED CV OUS LON cree 28 3.8 20.7 54 ee 
SICHISTOS LU OOUIEHIS Gi ate eee ee eee 30 SH) 18.5 Sil — 
Campylopterus obscurus aequatorialis Q ............ — 7.6 36.8 72 — 
Ghlorestes ne notaius Oe ee 28 3.8 17.0 49 — 
Dialurantaep ys OGenva tee ee 30 4.4 20.7 54 —= 
Amazilia fimbriata migricauda ...........0--.-000--000------ 25 3.8 20.7 54 — 
Thaluranta watertont 3. -.ccceccocccoccseccecsecteneeesteeett 32 48 20.7 54 — 
ZAMESTCTUS DL EIL AE IG) nt Bene tet mee 22 5.6 is 62 — 
Pigmornis MOLECT ONL ec.c cn es Cene te ene ae 30 Sul ey 43 — 
puver Puber QD MAE Ee! Sa 48 2.3 7.74 33 — 
te) ART: Oo accra ee an he 38 2.4 8.70 35 — 
Popelairea langsdorffi langsdorffi @ ......-..--- vos 60 2 9.22 36 —_ 
Thaluranta f. furcata 8 o.rcncecceccscoceccceeests : 30 4.2 21.5 55 — 
Eupetomena m. simon ..... ae 20 7.0 36.8 72 — 
AMEE MUN EVD. Oca oe ek ep eae 32 41 17.8 50 _— 
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TABLE 10.—DATA ON HUMMINGBIRDS AND OTHER BIRDS 


FROM VARIOUS AUTHORS 
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The wing-beat rates given here for hummingbirds are believed to have higher 
precision than those determined by Ruschi and Greenewalt using the portable 
monocular stroboscope. They were determined either from high-speed moving 


pictures or with stroboscopic methods of higher precision. 


Wing- Weight 


beat of Wing 
rate bird length 
sec-1 gm. mm, 


M = High-speed moving pictures 
S = Stroboscopic 
Humminecsirps: (from Crawford H. Greenewalt, unpublished) 


Calliphlox amethystina 8 «2... 78 — 3% 
Archilochus colubris 8  -........-0----0-0---- 70 — 38.5 
i . rate ok Oe 5 52 — 44.5 
Melanotrochilus fUscuS .........-.-0-0--0------ 25 — 80 
LA IYEC ERC GILT Gromer aeet ose rena 41.5 — 53 
Campylopterus hemileucurus ..........--- 27 — 74 
Microchera albocoronata GO) eerie oe — ane 


HuMMINGBIRDS: (from E. Stresemann and K. Zimmer, 
Ornithologische Monatsberichte, vol. 5 (1932) ) 


Eupetomena Macrour’a .........----.-0-------- 22 6.0 78? 
Chllorestes COCrUleUs, .......:.-.0-cc0o-n-snsn-- 31.5 a2 50 
Chrysolampis Clatus .....0.-esesecenenceoeos 32.5 35 S57 
ETRCLOP RAS TALS) hotest oe ee 50.5 2.0 36 


HuMmiIncpirps: (from M. Stolpe and K. Zimmer 
Journ. Ornithologie, vol. 87, pp. 136-155 (1939) ) 


Chlorostilbon aureoventris 345 — 50° 
Melanotrochilis fuscus «1... 28.5 — 80 
OTHER Birps: (from Crawford H. Greenewalt, unpublished) 
TEATS (OTA GOSS coerce eee eee 27 == 654 
SHO GORGES ee 21 — 92 
ZGYUSID TCO Ogee ee 24 = 82 
Dendrocopus pubescens ......-.--0e0c-n---- 18 — 97 
MGM: Poly GlOtEOS. <scccccsccncncocssecsence-es= 14 — 112 
Carpodacus p. purpureus ......20----------- 20 — 83 
Gommion, CrOw fe ee 5) — 320 


OTHER Birps: (from H. Oehme, Journ. Ornithologie, 
vol. 100, pp. 363-396 (1959) ) 


(ETAT ON USTUCG) ee 6 = 150° 
IRGSSCVACOMESUICUS 13 a 110 
Phoenicurus phoenicurus «........----0------ 15 — 120 
Fi AGRO 4 Se a A oe ee 10 — 170 
mETAtIStalbe rere een he 6 = 310 
iNebelpkralla eta een ok As ada, 4 = 410 


Wing length from wing tip to first articulated joint: 1 Ridgway. *? Authors. 


4 The American Museum of Natural History (Lanyon). ® Author. 


Wing span Wing area 
cm, cm, 
AD IESG P Spree Nae eo ase 38.8 12, 
EAy UNIO USTICO ee 32.9 123.6 


Phoenicurus ochruros PAS) 106.4 
ROTUSHING) OV ene 24.0 99.4 
Passer domesticus a a 24.8 103.0 

“  montanus 22.1 81.6 


Method 


NunMnwn Seeseuneen 


EBSESES ES 


< 
wn 
a 
0) 
=a 


vv SSS 


3 Ruschi. 
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TABLE 11.—DATA FROM FRANK A. HARTMAN, AUK, 
vot. 71, No. 4, PP. 467-469 (1954) 


Cardiac and pectoral muscles of trochilids 


Weight Weight of 


f to) A 
Eee Beate Lee ibe Wate 
gm. % of body weight mm. 
Glaucis hirsuta affints 9 .....1.-------s-c-nsc-s-0- 6.13 221 27.6 56.5 
“6 as Oy ERO erat Snes 6.95 — — 58.6 
Phaéthornis guy coruscus & 5.78 2.40 28.6 61.5 
superciliosus cassinit @ ...... 6.15 2.19 — — 
ss longuemareus saturatus Q 2.64 2.42 — 37.9 
Phaeochrod CUvierti Q  c.rceccsceneenecceceeeeeeee 7.95 — — 68.6 
a Se OE AER 2 Leena 9.30 1.74 — 122 
Campylopterus hemileucurus § «......------- 11.92 1.95 So, 73.9 
Florisuga mellivora Q  .....-..----c-n--cececeeee-e" 6.96 1.83 — 65.2 
Colibri thalassinus cabanidis Q .......-.----- 48 — — 61.0 
« * irae py Mea)! | Seal ae 5.28 1.95 — 66.9 
Anthracothorax nigricollis nigricollis Q 7.33 227, — 65.2 
s < rs 6.86 — — 66.9 
Chlorostilbon canivetti assimilis Q ........ eels} 1.88 26.5 44.1 
ss < Sd A seat See 3.03 — — 45.6 
Damophila julie panamensis Q  .......----- 3.03 2.02 — 42.6 
a e CO ha peas eee 3.35 = — 43.4 
Amazilia amabilis costaricensis OU ene nee 223 — — 
cs se décora.3. 32 4.74 2.30 — 54.0 
“ edward niveoventer Q  .....--.--- 4.43 2.28 28.5 51.0 
a i SP nie meas Saaz 4.97 = —= 53.8 
S it KEGTUGHE Qi ei g ieee 4.15 — — 522 
He tzacatl tsacatlh: Que 4.72 22 26.6 54.9 
is in Came i La ay ie a 5.40 — — 58.3 
Eupherusa extma egregia B .....-.-----0-0- 4.35 2.34 — 60.1 
EVAL GACHtONMUTG) Hie eee 2.83 2.25 — 46.8 
a Ohi ea ie Dee tea 2.93 — — 50.3 
Chalybura buffontt micans Q ....-.-.-------- 5.6 — — 62.0 
Lampornis castaneoventris Q _.....-.-.0---0-+ 5.26 2.16 22:5 64.3 
Heliodoxa jacula henryti Q «1.0... 7.39 1.98 27.9 66.2 
Eugenes fulgens spectabilis 8.2.2.2... Bel. 2.16 — 745 
Elehothrixabarnoti ne ee S// — — 66.6 
Archilochus Colubris Q  ......ss0ssecsesececersee 3.36 Zi — 44.5 
7 Fe Le ace eee ees 32 — a 38.5 
Selasphorus scintilla Q ..........--010cceeeoeo-ee B25 2.40 24.7 35.7 
Sy NRO acces ae oe eens 2:53 — — 327 


* The wing-length measurements are averages taken from Ridgway, “Birds of North and 
Middle America.”’ 


Unpublished data from Frank A. Hartman (Letter to C. H. Greenewalt, 
March 17, 1960) 


Pectoral muscle as 
% of body weight 


Ratio 

Large Small Large/Small 
Anthracothorax MIGTECOLUS -.nc-c---nenneeose---- 21.5 8.6 2.50 
Damophilaule 2 ee 16.0 10.5 1252) 
Selasphorus Scimt lla <nccccccncennccsec-to-cccs-c-n-ce 18.2 9.9 1.84 


Florisuga Mellavor .......c-c-.0-cn-c2neece-eece-canee 20 10 2.00 
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TABLE 12.—DATA FROM D. B. 0. SAVILLE, AUK, VOL. 67, P. 502 (1950) 


Pectoral muscle as 
% of body weight 


Ratio 
Large Small Large/Small 
Archilochus COWUDTAS -............0-00-00-eeeeeneeeee 20.5 9.2 ZE2, 


TABLE 13.—DATA FROM R. MEINERTZHAGEN, IBIS, 
voL. 97, No. 1, pp. 111-114 (1955) 


Wing-beat rates—large birds 


Wing lengths supplied by Charles Vaurie, 
The American Museum of Natural History 


Wing-beat 

rate Wing length 

sec-1 mm, 
RAV erly eee ee ee ee eed 35 455 
Garrionicro wee eee 3.6 325 
Ramtatlecd icy re ee 35 371 
RRO pe nee eee ee eee ee 2.3 315 
Jackdaw 3.9 237 
Jungle crow 535) 377 
Magpie ....... 3.0 204 
Starling#= Gl 128 
Blackbird 5.6 125 
Guck owe ee es ee ee 48 222 
Shorteared@ow] sae eee 2.6 312 
Pereoninestal conyers 4.3 309 
Barhanvetal conpe eee 4.9 283 
TURN GOT aa Ea lp aes ne el cee aes 4.9 199 
Kestrel ie ee a ee 3.5 245 
ilensharnier ee ee SIZ 342 
Montagurs) harrier. oe apa 360 
Tee Velie Rots camer ss oo acento 2.8 490 
Spe ype ie oA 2.4 472 
Heyptian yalttire 2d. 495 
VE ISS clo y ase nn Gee oa A aR DR A Re 25 450 
Great whitererret i222 ee 72 437 
ilaming Oe eee eee eee 2.4 400 
IMititesS watlaeeeeeeea aa se Mee 2a. 591 
Strellidiicks eee eae eee 3.0 375 
IMialilancie ree eee ot She 5.0 274 
Gada hte es ee ge 5.0 271 
Wie Coripere ene riares sree ne iat id 28s Bil 262 
Shovel erga seo a ed le 5.0 242 
Commioniscotern 5.0 235 
WielvietSCOte tame ns eens 4.3 281 
Eider duck 48 289 
Merganser 4.6 289 
Gannet ......... 3.0 493 
Cormorant 3.9 350 
SER ik ala eo eee re ee 4.8 270 
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TABLE 13.—concluded 


Wing-beat 

rate Wing length 

sec-1 mm. 
Great crested) grebe! Sones 6.3 187 
Great northern diver .—:...2--. 4.2 360 
LSD | hag¥: \ guage eee eas he reeaa meredetee cameron 3.6 321 
Manx Shearwater tcstreesee Sal 234 
WO0d PIQeOnd 222. casecscactecacecesnecsererenesereeate 4.0 245 
Rock; pigeon .525c-c-cesctccese one ese 4.3 222 
Ringed, plover i: scent 5:3 134 
Golden: plover x. o2 i eee 4.0 190 
TAP WUE: coescctcccacnsnachstarcan tet cctaceee aneeeee OS 226 
AINE TISCORE cesee te eee ee ee 4.0 152 
Red: shank: (20405 ves 2 ek eee 4.2 155 
Ret <2 cee ae ee ee ee 41 192 
Oystercatcher: ee ee 4.1 257 
Carlaw ae eee 4.0 292 
Snipe: ccc ee ee 5.8 133 
Greater black-backed gull -......0............. 27 497 
Lesser black-backed gull ....0.0..2.....-.-- 2.8 422 
Herring, cull. eee 2.8 438 
Commonve lle eee 3.0 355 
Black-headed sor] lieeceeresee eee 2.8 307 
Korttiwalke 2225. 8 ee She} 312 
Sandwich! tenner 2.4 308 
Peg Sse su aceccoceck ase eee SH 160 
Guillemot. 222.2526 oe 45 200 
Black cullemot ee 8.0 163 
COOt ioe ee ee 5.8 212 
Pheasant) -.2 2... eee ee ee 9.0 247 
Capercailzie a oe ee ee 4.6 393 


TABLE 14.—DATA FROM EARL L. POOLE, AUK, 
VoL. 55, pp. 511-517 (1938) 


Weights and wing area of 143 species of North American birds 


Poole’s table is arranged in order of ascending weights and I have retained 
this format, although it might have been better to group the birds in accordance 
with families and genera. 

The wing areas are for both wings. 

Poole did not give wing-length measurements. These have been taken principally 
from Ridgway’s “Birds of North and Middle America” and Forbush’s “Birds of 
Massachusetts and other New England States.” The measurements for Sthene- 
lides olor and Columba 1. livia were taken from Witherby’s “Handbook of 
British Birds.” 

Ridgway’s measurements were made with dividers, one point resting against 
the anterior side of the bend of the wing, the other point touching the extremity 
of the longest primary. The value given in the table is the average either as 
reported by Ridgway or obtained by averaging the values given for the extremes. 
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TABLE 14.—continued 


Forbush’s measurements were made of the folded wing. Here again the value 
given in the table is the average of the two extremes. It is evident from the good 
correlation in the charts that Ridgway and Forbush were both measuring the 
same dimension within a very small error. 

In the table that follows, wing-length measurements from Forbush are marked 
*; the two from Witherby, **; all others are from Ridgway. 


gm cm.2 cm 
REGULUS! Ss SOLTOP soe ese a ck cesarean sees 5.75 51 5.84 
Gorthylvonescalendula Go tse 6.73 58.25 5.89 
SCOP IOC TAULSCHLLG (Gg nner ee 8 62.5 6.35 
Certhia familiaris americand 6 ....----.-.--0-0-----+ 8 66.5 6.55 
Dendroica Magnolia 6 c.cccccetscsesmesecsccsoecia on escecenne 9.20 69 6.01 
DI STNET IVS, cetera ee cats ce 9.20 58.5 6.38 
He Gx CUerUlesCens(G: < tact ieee 9.25 67 6.52 
UNIWNALES ETS CTIVGLES iG ene tee nee rena 9.4 41 4.76 
Geothlypis trichas brachidactyla 8 ..........---+-- 9.5 5855 Ded 
CORTICES eee ee 10.5 71 6.86 
TV OGIORNE CS\GNGCAON Ghee e kee co 11 48.40 5.07 
Dendrotca pensyluanicd © ~-.-.ev-ceosaonc-consecensnense 11.1 60.5 6.33 
Compsothlypis americana pusilla ¢ 11.85 56 6.06 
Spisellap: pustila geese ee aes 12:1 62 6.45 
Penthestes a. atricapillus 8.1... 125 76 6.6 
OSSELUNGEE NANCE sO sence ocos een a ees 13 82 6.78 
Spisella P. PASSCTING Oy ei stscecd es eactecent cece eenen ice 13.5 91 6.91 
ND IAUSEEMERUSTES ITO HM strate areata nese ee ere nen 14 83 7.26 
SCMPUS 1. NOVEDOTACENSIS B eocncnencncnensncncvererceese 14.5 86 7.67 
DD CMA OVCOPCOTONGIDN Gene tostrccesonercstlece te cnokeoent 15:5 91 741 
Stelgidopteryx ruficollis serripennis @ ........-- 15.75 107 Piet 
VALCO G.SONLATIUS Oe ee oreo 16.75 88 7.46 
Hirundo erythrogaster 8 -......---sseceserececsnenees 17 118:5° 2118 
Melospiza Georgian 8 c....--.cecncenenenerensnsnenenesoees A, 73 6.25 
Chacturapclagtca: oy eek ke eee 17:3 104 12.9 
Melospiza 1. lincolni 8 -.oecsccssosecesssesecevsereroeoenea 17.8 Tas 6.30 
Sea 0 Coda: B ae 18 90 7.60 
Ammedramus savannarum australia © .......-- 18.5 89 6.10 
Anthus spinoletta rubescens Q 1.200000 19 109 8.19 
wWavormisiphoeve 9 anc 20 134.5 8.33 
TPSAOProcne OLCOlOL 3 cove caccaacesateccatescastesen 20.1 125 11.74 
UOT HEO De ECLA (ea ee ZAGS 99 7.93 
Melospiza m. melodia &  ............--s--seceenensnsenee 22, 86.5 6.73 
Bacolophusbicolor, & cece cdstessccdatesseecececsonin 2a5 117.8 7.98 
CECT USES PUPIEOT Oy rk eet a a 23 100.5 7.82 
PAGUSSEH LOS OMUESHVCUS 1G) i sectictcnceccenesa.cseceseeccscnenene 24.5 92.5 7.60 
Carpodacus p. purpureus 8 ceeseceeecenceseenceneneecees 24.5 104 8.33 
Dryobates pubescens medianus  ........-.--------+ 24.8 136 9.41 
Bombyecilla cedrorum $B ...s.esneecenenensncensnenceoeeee 25 130 9.38 
Oceanodroma 1. leucorhoa ... =. 26.5 251 15.9* 
ZONGEICHUA GIOSCOUGS (SB  <cimscccoseccsch cc cseseacveeneonnnns 26.5 108 7.47 
PoOeCELES G. GYAMINCUS B -.e.ceeeeneeeenencencnoeneeesnee= 27 108 8.10 
Hylocichla guttata faxoni & -........c-ceceec-c-cee-ne-* 29.5 116 9.44 
S PREIMSGCESGENS) (Cy Smeets 32.3 147 10.23 
SS SCEISRSAUSEOINS Oy co: ete ele) eo 32.7 148 10.01 


Hylocichla minima aliciae 8... 34 150 10.40 
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TABLE 14.—continued 


voL. 144 


Wing 
Weight area 
gm. cm? 
Piranga flava hepatica 8 ....-..---sseeeseveeceeececeees 35.8 153 
Dumetella carolinensis 8 ....sce.c--ceececcenceenescereees 39 150 
Hedymeles ludovictanus §  ...-.-..-c-cecesseeeesesseceees 40 166.5 
Passerellat. ahaca 3 2223222 40.5 116 
Pipilo e. erythrophthalmus 6 «0-0-0000 41.7 145 
PHOGNE: S. SUDUSOs ccstsczssctes times eect eee 43 185.5 
Hedymeles m. melanocephalus 8... 44.7 200 
Tringas: solitarta ¢ 22 See 47 192 
Actitis mactlaria 8... 47.5 146 
Pinicola enucleator leucura & 50 189 
Molothrws an ater Gr assent ee 50.5 179 
COCCYSUSIG. GINETACONWS GO facececaeeeercccesssee teense 61 266 
Rallusyls limicola (6) tte 65 221 
Agelaius-p.. phoemceus: 6 <ic-ccaeee eee 70 245 
Balanosphyra f. formictvora 8 -.....c-ceesecereeeeeene 74.5 306 
Porzana CAnOUnG (One 75 176 
Chordetles Mm. Minor 8  -.scossssssnecsccssencsecsosecssesececee 75.25 349.5 
Turdus mM. MigratOrius GB  o.cnceecencecenc-nenncncseseoses 82 244 
IS ELEN Us DULL AMUSHO) meee ee 84 190.3 
Oxyechus U.V0CIfETUS GO xtexsie ne ee 85 275 
Centurus carolinus @ 2 ee eee 87 262 
Cyanocttiavc: cristata 3 = 89 236 
Alllevalle’ 3) ce 2 2 el Se ed 96 146 
Accipiter: 0. Velo 76 sins ee ee 97.5 439 
Colaptes auratus liters 8 .........c-c-cerceseecsnseeee 100 324 
Pesobtamelanotos) (Oi ee 101 199 
Cyanocephalus cyanocephalus B  ..ccec.ceceeeene-ne 108 390 
Crupioqloue GVacadica oes ee ee 108 420 
Gapella delicata oe eae 112 250 
Outscalus'd: quiscula 6) tee Been 122.3 324 
Zenaidura macroura carolinensis G2... 130 357.5 
Valco.s. sparvertus ‘D so ee Af 137 372 
Sturnella m. magna @ ..... uss 145 265 
Megaceryle:a. alcyon. 6) 2 eee 155 376 
Totanus melanoleucus 8 .....c0ccecseeveeeeeecesecseeeeeee 170 412 
Accipiter'y. velox 9 Lek ee 171 607 
Balcovc.columbparius Gi ee 173 410 
Obs asStO NACTIOSaCH eee ee 178 523 
Philohelatminorid yee oe 198.5 354.66 
Colinus V. Vir Gintanus 8 c...cscecceseeeneceeeenenseneneees 198.64 216.8 
IRallusies elegans (Grote ee 227 536 
IBULOTAC SAU TIL SCONS en 230 660 
Aso wnlsonianus: Gy ick eae ae 230 1,182 
Onsiaso naevus: Que 254 476 
Goruuslosstiraguss Cae VARs) 912.5 
Asio@wilsomands (0) cic ee 288 1,198 
GCOPUUS OSSTFV AGUS \OV nee: ee eae 309 1,072 
Golumboul hua pee ee ae 314 567 
INetiion carolinense eee 321 374 
Querquedula discors 332 370 
Gallinula chloropus cachinnans 8 -...--..s-sn-s0-0- 332 479.5 
Podilymbus p. podiceps) oe 343.5 291 
Galymbus auritus:<..-34 35) oo eae 369.5 350 
Buteo:p. platypterus 605-5 376 1,012 
Charitonetta albeola OAL 412 
Circus hudsonius 414 1,382 
Accipiter cooperi 2 428.5 898 
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TABLE 14.—concluded 


Weight 
gm, 
EMU CORGMOMCHLCANG Um Oimeree te 435 
EVOTIO CRCMCOETIE CO een eee eee 449 
TVEONGIOG POTEMEOIG 6. ecccccewcn2e~-c-ctecenenennvencenseete 505 
SOT ODOR LOM CN cree rene ee ne ee 510 
IBONGSG RIND EIS Gare ree 516.5 
Gorvus bs brachyrhynchos 6 2 cccckeccececsste 552.5 
SPGLUNIGYClY De atG pan coe ee een eee 570 
PAGES DOMSGL OTOL: Ga oe et ere cee ete ete, 589 
Gincusehudsonius Ce eee 615 
Botaurus lentiGinOsus, ..........-...--csececsnosececseeseenceoee 625 
Erismatura jamaicensis rubida «21... 635 
Falco peregrinus Anatuin 8 ......----c-cececeeeeeeeeee= 712 
Chaulelasmus StrePerus sccc.-cececesecscsnenecseenon-oe---n= 723 
Nyroca COLCA SHR eee ere tee el A AN 757.51 
ORD S ULL ee A ae et Lee CER, ape 763 

Nycticorax nycticorax hoact lt ..........--.------------ 804 
Buteo |. lineatus ¢@ ........ Ped 2 eee Wen eee 804 
ASEUY Ger GEVACOPULIES 0G 8 ates caccecre tree e rc es 848.6 
Larus argentatus smithsonianus 6 .......----------- 850 
IBUECOND MO OL COILS HG (eee nee 875 
Casmerodius albus CQ ett ...........---cecceneeceneseneee 
Daflatacutatisttzihos 222 ee 
IB AROMA) (EAOUG) copeeree ees eee 
(CHG ORG [EMGALQUDS Oo epee 
Buteo lagopus s. johannis $ 
MANES HUD TAPES: ETESTES Ooo owes cce sen chtntencene 
Falco peregrinus anatum 
Anas pi PlatyrHyncHos Qos cst ieesecrer tenn nacencnes 
Phasianus colchicus torquatus 6 ......---.----------- 1,304 
IBY PITRD (Ba BHOPAL IS i ere ee 1,307 
ASTI G GITUCIPUIWS! QO) oie ce ec racnccecceaceee 1,370 
INIIGEEORPIVCECOG: (oot eee rere tes ctatace 1,404 
Anas p. platyrhynchos § neo-con 1,408 
Bubo V. Vir Ginidnus Q a-ecneeceneeecneerconeeernenecnecennes 1,446.5 

VIP GINIANUS PACIFICUS B ...eneceeeenecerenen--neee 1,480 
Pandion haliactus carolinensis 8 .....20--+--------- 1,797.5 
PN GIEGI NE VOCE HTOAS pee oe oe ee 1,905 
Cathartes aura septentrionalis @  ..........------ 2,409 
Gauiateimmer DSc Oe ne ee ee 2,425 


Meleagris gallopavo silvestris 9 
Aquila chrsaetos canadensis 9 

Bye CCONGLENNS cea ace asec acenecctasececs 
Cronus Columbians a2 coc cose ccceteeneaemeen 
SHOGHORIAS CUO? 2 sence 


HuMMINGBIRDS : 


Archilochus CLONE UW ee neces 2.55 


CAGIETHOY OGY GS See ee 2.98 
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GDS Spb as erin Set A Bee a 7,269 10,540 1,599 AN 69.8 958 
Gypaétus barbatus grandis ..........---- 5,385 7,431 1,279 252.4 ded. 715 
Cathartsia atrata: te ee ed 1,702 3,012 327 140.8 50.2 299 
PAL OUALONG HULA SOLUS pe ee ee 3712 5,382 813 212.1 68.2 476 
Hieraéus fasciatus <0... 2,060 S172 408 1552 56.0 223 
Helotarsus €CQudatus .......0.-.00000-0-0-00 2,095 3,582 406 153.6 Sil YZ 270 
Geranoatus melanoleucus .......0.------- 2,123 3,550 402 145.3 Ble 194 
Circatus galliicus = 2 ee 1,655 4,121 400 181.0 53.3 226 
Buteobyeto st 2  ee. 1,027 2,691 181 1322 40.4 113:5 
POPRES APLUOTUS coeeeecsenceceneeneincncovoveene 615 1,894 109 119.95) 45:1 79.8 
Pandion Whaliatus: ..c.cc-c2cecccccecoe-o-e---- 1,105 2,921 310 157.2 49.6 149 
CAV CUS GETUGINOSOS nccecccsesevoceoceneoeene 680 2,264 141 134.5 41.3 84.2 
s (CNONCUS 9D: . Bees ae A7i-5 15759 101 116.7 37.4 73.8 
és SPS ee 331 1,406 70.1 104.4 33.9 53.8 
<-. ‘PYQORGUS 2. Se 236.5 1,296 615, 110: 35.9 36.0 
Al) SRGETUTUS. pe eee 386 1,413 LOY 1G, Sy) 48.0 
Malvus wmlius e205 22 927 2,902 218 162.8 50.7 151 
Palmipédes voiliers 
Diomedead ex ulans .........-....---.0.s00-a-00e 8,502 6,206 L377 340.8 67.4 1,036 
HV COOTGH AGING) ee 1,620 3,240 326 201.9 61.0 186 
SS AbIG UGSSCIVG ete 2,690 2,450 390 183.6 48.7 323 
Pajnus kun, 23 eee 572 1,280 98.0 121.1 34.9 67.3 
Hydrobates pelagicus .........---0-0------- 17.40 100 261 33:2 12.4 2.44 
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TABLE 15.—DATA FROM A. MAGNAN, ANN. SCI. NATURELLE, 
sER. 10, vox. 5, pp. 125-334 (1922) 


Les caractéristiques des oiseaux 


Magnan has divided his birds into groups in accordance with their mode of 
flight. His short titles are difficult to translate, and I have left them in the original 
French. The basis for his classification is given on pages 165-171 of the original 
paper, together with the French common names of the species. 

In addition to the data presented in the following tables, Magnan has measured 
many other characteristics, such as, for example, the length of body, length of 
tail, weight of wing skeleton, weight of heart, etc. I have given here those meas- 
urements which seemed particularly pertinent to flight. 

The one measurement which presents difficulties is that of wing spread. Mag- 
nan says “The measurement is a matter of individual judgment; it is essential 
that all species be measured by the same hand, the wings must be stretched in 
precisely the same manner. The point is important, not if the wing spreads differ 
by a factor of 2, but if the differences are small.” 

All measurements appear to have been made with the greatest care. Captive 
birds were used, and those which appeared to be in bad health were discarded. 
Nowhere else in the literature is there such an abundance of data. For anyone 
interested in dimensional relationships the entire paper is well worth careful 
study. 


Total Wing Wing Wing Wing Pectoral muscles 
weight area weight spread length weight, gm. 
gm. cm.2 gm, cm. cm, Large Small 


Rapaces diurnes voiliers 


Tis SHOFG oO eae 1o15) | (2719 394 1726 50.9 228 
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TABLE 15.—continued 
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Total 


weight 


gm, 


Wing Wing Wing 
area weight spread 
cm.? gm, cm. 


Echassiers ramo-planeurs 


WAVE GE CINET CGI nck aS, Sancn eee tec cccs 1,408 3,590 329 172.6 
LBP A Te Tid LOY) gee ae ine ean 1,178 2,827 225 144.7 
TEXOETRIADS: CQHON TAS cece 1,198 2,696 171 132.9 
N ycticora% NYCHCOLTAL -.-..-cencsnen-n-n- 512 577. 78.0 104.8 
Platalea leucorodia. .............-..-00+-0----- 1,565 2,488 282 137.0 
CICOTONCICONIG ee en ee 3,438 4,951 670 197.8 
WHOGAH ORES WAOS) cee 4,175 5,553 810 211.0 
Leptopilus crumeniferts ........--------- 7,030 8,225 E516, 201-7 
Vanellus vanes. -............0.-c0-co-e-no-c- 211 668 38.6 75.0 
Rapaces nocturnes ramo-planeurs 
EU OV OIG Om ronan eileen ce ets P 1,720 3,715 366 164.1 
FEAGYO) (OLLTIGS Rte ea ene OS 247 1,082 49.9 94.1 
SOM IGININCUS:. c2e tho est ses, done 390 1,396 75.0 107.5 
MOTUS ECCOD Scere er neste 49.75 405 TasS yA 
IRV LOM GLO | cist eset cease eee 279 1,163 54.5 97.3 
SOLER COURT) AS in oe eee 418 1,304 76.1 95.0 
PATIVENE NOCTUO facntcd conan tes 161.5 459 2513) 569 
Rapaces diurnes ramo-planeurs 
Accipiter. Gentilts  -ceie-ccsecencoscssrcsnceeoses 708 PSlZ 113 100.7 
iE MESS Qui eacest De ee Re: 221 822 46.9 75.0 
Pee gine ener re Mesa. 136 530 ZL 622, 
Rolyboriws tharws) sicecessreteeceeee aces 1,209 2,321 224 135.4 
Falco timnunculus Q  .....--.0cececseeeesoeee 245 708 42.4 73.8 
: ENT DIY Fie Se ay ee 72 703 SG) vp 
MN DEN EG MUTUS Ny ees esate eee cease 813 1,285 153 106.4 
Bru A SHUDULCOM xed eine see 165 558 SAL ae 
*  columbarius regulus ..........0-- 145 438 23.8 60.4 
Corvidés ramo-planeurs 
CORES COW? ee 470 1,058 74.7 = 89.4 
: COTTE is og oee ince cctceceeh bicecostrnaes =), 633 Sky 96.0 97.9 
Trypanocorax frugilegus .......-..-+---- 470 1,387 80.0 97.2 
Coloeus monedula spermologus ...... 253 665 37.0 70.8 
Pyrrhocorax pyrrhocorax 1... 390 948 ho | OLA 
Graculus GraculUus .....00c-c0ccee-ceccece0o-o0 223 997 36.5 78.2 
Nucifraga CAryocatactes ..........------- 161 Gul 21.8 59.8 
Coracias garrulus ....... ae «dS 483 18.9 61.5 
RECA PAC Gee et ee EES 214 640 31.4 59.2 
Garrulus Glandarius. ......-..-.--.-0--------- 160 554 20.9 54.3 
LI MED ANE POPS re cerca eae oe NY M2 91 366 1233. 477 
DT UOOI AT SHUROS. cease eee TS 316 9.27 37.3 
Passereaux ramo-planeurs 
GucCulisMCanorus' acceso 104 419 20:3) 98:3 
Caprimulgus CUuropQeus «2.0... 92 398 16.1 56.9 
PADIS CPUS NoMa ect lat Oat ak 36.2 165 4.99 42.0 
GHEVGOW GUSTO, set. cccicnconaceocccosecsacnsns 18.35 135 271 ~ 33:0 
EIRP UNC ONULOTCO Ne ee 14.35 92.0 1.80 29.2 
REPGr iad TUPCSETIS <.n.oncenccencsnsacensneneneeos 15.50 119 225 ~Sla 
Palmipédes ramo-planeurs 
Phalacro corax% Carb «.......-.000-00----- 2,115 1,967 265 171 
PAULINUS PU UNS Serer exsese tcc cecesceeceest 342 575 45.5 81.1 
VEGHUS OVO CHEGTUS eee renee 1,189 2,105 226 143 
SCEIE COMES otee see e Leen e Se 367 1,149 71.0 108 
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TABLE 15.—continued 


Total Wing Wing Wing ala Pectoral muscles 
weight area weight spread __ lengt weight, gm. 
gm, cm.2 gm. cm. cm. Large Small 
Palmipédes ramo-planeurs, continued 
Rissarteidacivia 2s ee 488 967 TA WOES 323 65.0 6.30 
Larus vaitlas eis: Aare eR awa 261 853 42.5 97.1 30.7 33.3: 73:00 
SP ESeCAAKUNGO Pee eee 118 563 22.0 82.9 28.4 19.0 1.90 
Passereaux rameurs a vol soutenu 

MUscicapa StViGtd .......2.------ccceceeeeeeo-- 14.35 119 1.80 26.7 8.99 2.10 0.20 
Festus wupcleata Se ls oh ore 12.50 91.0 1.38 24.4 7.89 1.95 0.20 
TAlAUAG OV UENSIS = c et  enes 28.30 163 3.65 Sil y/ 9.45 6.05 0.55 
ANIRUS PIGEENSHS ceecen-naevecnsesasornsseen-ne> 18 96.8 ZA 25.9 7.86 S91 O85 
STATENS te ee ae 20.70 125 2.54 28.6 9.06 3.97 0.38 
Motacilan alba eee ee 22 132 S05 eo.3 8.97 4.55 0.38 
s flava ....... eee at etree 16.50 101 2.00 25.0 7.64 3.40 0.26 

s CINCHER te Meee 16 92.0 1.94 25.2 8.06 3:70) 0:29 
DLOMMUS CX CUDIUT: Bessel 50.50 210 SSO mesos lle T2207. 
Soe eSCNOLOT. cael i eee 26.10 144 3.05 31.4 11.0 3.80 0.39 

Mi RCOLIMUIO Wen el cet ee 30.95 182 2.82 28.6 8.79 3.20 0.30 
Luscinia megarnynchaa 22.2... 17.1 100 170 225.5 8.24 2.35:" -0.29 
Errythacus 1ubecula ............0--c-c0ens00e 17.75 88.0 65.) 22:7 6.78 2.14 «025 
Phoenicurus phoenicurus «.........-0--- 13 91.0 1.45 25.6 7.99 2.26 0:22 

¢ ochrurus 

s gibraltariensts 2... 16.95 122.4 2:10), 9270 8.73 2.50 0.25 
Pratincola rubetra ........-.-------0-------- 13.05 98.8 Wass) ZS) itil 2.04 0.20 
s cubicola 11.45 76.8 120 216 6.54 1.68 0.17 
Phylloscopus bonellit 7.65 63.0 0.80 19.1 5.71 1.20 0.14 
s rufus 5.25 48.2 0.60 17.4 5.39 0.65 0.10 
OviOlUESvOviO lS en 72 274 9.91 47.0 15.39 14°72 
Monticola solitarius .........-.-.--.-------- 62.8 236 6.59 38.6 12.32 8.40 0.82 
ig SOLE GLEE GR ee ee 47.5 160 4.38 35.5 123 7.25 0.70 
Turdus Mer ul .2..-.-.-<ccec-ecccs-ceosecsnsnoe 91.5 260 8.99 40.6 12.62 14.6 1.70 
ball WOIUINONIN te ee 76.2 225 TRS S/F 11.87 LVS ele3 5: 

SL ULSGIUONUS eo Ate a 106 307 11.25 44.0 14.20 225 1.80 

Ch Be oC bo a nee See OM Ear 98 225 9.90 42.9 13.83 22,80 tole Sa: 

Sem LPIIESEC TUG ee on a ee 70.3 191 6.64 36.7 11.14 14.0 1.40 

BS ona ie eigen aa eee ache Sa 56 180 BAN) SYA 11.48 10.9 1.00 

Se SEO. UOTUG pees ieee Ok ee 96.5 222 heeds) | AA 7/ 13.30 15:7 les) 
MINUS UULG ATES ee ee 79.5 192 7.96 39.1 12.47 1510) eS: 
ORAM CULM OSING 47.6 167 Bea | SIIKo) 10.16 10302 
Coccothraustes coccothraustes ........ 42 148 4.65 32.0 9.73 8.18 0.87 
Pyrrhula p. Cur Oped «......2.00c00-ree---- 21.4 94.8 2.001) 2a 8.05 3.20 0.40 
SCLiINUS CANATIUS SCYINUS .2..0--0--0----- 8.35 73.1 Maly AA 7.10 1.83 0.17 
Ghorisvchloriss =e ee 23.70 100 P20) | | PHL 8.62 5.75 0.47 
An OUaNcaeleDs eae 21.15 102 215) 285 8.85 4.95 0.40 
- montifrigilla .......------------ 250 123 2:90) 2841 9.08 4.10 0.40 
Passer domestica ee 30 101 2 PP 7.46 485 0.49 
MONTANG: sete a 15.2 76.0 [5S aeZs 7.18 Py | NSE 
Petronia Petr Oia _.0.2.--.c-ccncncocsonceoonee 25 100 BAY Aske! 9.06 4.90 0.49 
Cardwelis Carduelis ....0.-.c0c-c-c-cc00-0----- 16.65 92.1 2.10 248 7.91 3.42 0.35 
Spinus Shins sc. ee, 11.80 68.0 124 214 6.83 2.42 0.17 
Acanthus cCannadina. ...2.22-.2-.2.200000----- 15.80 96.1 1.85 248 8.03 3.60 0.36 
SPiNUS CUVINENA .ooeecscnnenceceroceccceeeeeenee 11.95 73.9 145 24.5 7.31 2.40 0.25 
Emberigza citrinella 22... 25 130 Sal) | 74s! 9.06 5.00 0.55 
a CUT IUS A cee ee 23.1 104 2.60 248 7.40 4.70 0.40 

sé hortulana 33 122 Zia S 27 ES 8.66 4.20 0.48 

e "rT a am aie me 21.40 108 1E78i 2558 Ted, 3.95 0.32 
schoeniclus . 20 114 165) zo 7.60 4.00 0.30 
Regulus cequius 222. ee 3.80 32.2 0.40 143 5.00 0.45 0.05 
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TABLE 15.—continued 


Total Wing Wing Wing Wing Pectoral muscles 
weight area weight spread length weight, gm. 
gm, cm,.2 qm. cm. cm. Large Small 


Passereaux rameurs a vol peu soutenu 


Cyanecula suesica cyanecula .......... 14.30 78.9 164 21.4 6.31 1-75: 10:26 
SMILE: GEV ECOPING -.nccenececnacseon-nccseeoetnee 16.25 88.9 175) | 23:8 7.60 1.75 0.23 
Wiempleee ee 8 15.8 749 152 236 7.53 158 0.22 
Sel COPMINUNAS ewe oaecesn seoc cee ce 18.65 87.1 1.69 22.5 7.16 2.20 0.25 
Prunella modular is ...........-.-.0----0-0----- 18 80.1 155. 22:0 6.55 2.40 0.24 
WEL DOVES ACEOV UIE oobi an ctor cnnsecvact cee 10.65 80.0 0.88 20.5 6.60 1.18 0.14 
Acrocephalus cirpaceus 2.2.2...» 12.80 67.2 1.00 20.3 6.78 1527018 
e schoenobaenus .......... 10.40 52.9 0.98 19.2 6.11 1.22 0.14 
REAPS) MUS OM, oe cee oe ieee ca case 21.45 102 160" 23:3 7.50 245 O25 
MMI COCIMICUS Asem Ae aes toe 11 66.0 0.98 21.4 6.67 17a ONS 
“  cristatus mitratus 10.20 72.9 LEZ65 20:2 6.29 1.42 0.15 
“palustris longtrostris. ...........- 10.90 64.1 1.14 20.0 6.21 1-745 O17 
es . COMMUNAS  ......-0---20--- at75 71.9 1.20 20.9 6.82 L700 Ong, 
PA COT GIUS COUDGEUS neeaicnnnnnn-ncnnenon- 8 58.0 0.73 18.6 6.00 1:25, 90:12 
GGCCINUS VAIS seronncnncenennnnanenecseesnsnennee 156 457 20.5 51:7 16.15 25.4 1.95 
Dryobates major pinetorumn ...........- 73 238 9.75 42.2 12.95 13.0 1.14 
oe minor hortorum .......------ 15.50 103 1.90 26.9 8.48 2.50 0.25 
VHA TOR QUID 2852 soo 28 wscsenscetecccceee 37.30 116 3.58 29.4 8.69 6.95 0.48 
Certhia brachydacttla ...............00-0-0- 8.50 66.0 0.92 20.0 6.12 125013 
Sitta CUTOPAED COCSIA ....-.--.-0----e----0-- 21.10 32-7. 255° 274 8.57 3.20 0.30 
Trichodroma MUr arid ......-.------0---0-0--- 15 174 ZL oOsl 9.86 2.30 0.17 
Troglodytes troglodytes + 10.1 41.4 0.75 16.9 4.76 15 ONS 
Passereaux vibrateurs 
UPC Use CXVMAG -eneecneamenneneceennensn- 2.85 15.4 0.18 13.0 5.10 0.86 0.12 
fchassiers rameurs terrestres 
OVS TY 10 le ae Nae Soa 8,950 5,728 1,298 208 51.9 1,790 224 

OO ED TATE TT ek a es ne ete 830 1,038 120 86.5 22.6 182 225 
Burhinus 0€dicneMus .-sececeseseneoene 522 757 710 83.7 23.4 81.3 9.20 
Charadrius Gpricarius ....-.------c---------- 178 356 20.3 58.5 17.4 41.2 6.04 
a MOTINELIUS — -.n.neeenenenenen-ne-e 90 247 9.9 46.6 14.8 20M 2:75 
ORCUTT ET nee Ne Pe 155 318 16.1 47.8 14.0 243. 3:35 

WEOlO POs TUStECOLG aoe cect saan 322 596 37.5 66.5 20.6 82.0 17.8 

Echassiers rameurs riverains 

NUMENIUS ALQUALUS .....------------0--0------ 768 175 108 104.4 30.2 145 18.0 
Haematopus ostralegus -.......---------- 438 622 64.0 80.5 25.8 65.6 8.68 
Charadrius hiaticula «2... 62.2 188 5.90 40.8 13.1 10:7. 130 
Squatarola squatarola ............-.--------- 216 413 23.8 65.4 20.4 40.7 5.20 
Gallinago gallinago ......--.--------------- 95:5 244 929 448 128 2555 0:20 
Lymnocryptes gallinula .........------ 57 178 6.40 39.3 10.8 113 2.24 
Ganulus CAMUTUS sons. atest 88 269 112 50.3 15.6 187 DAs 
ME TSOU GLPING) <0 oo Ecc csseck 44 126 3.65 36.0 10.9 8.45 1.10 
ATENGTIG UNECTPT ECS -...-2------e-enenneneneneoee 107.8 213 9.80 47.6 14.8 224 3104 
Calidris leucophaed .....-------------------- 41.9 160 A205) (So a LES 8.60 1.52 
Machetes PUQnat ann-nnamnce-c-n20e-cnen-n------ 180 457 22.5 63.2 19.2 41.3 5.18 
DR GAOL a, ee 156 406 18.5 60.8 18.8 33.8 4.64 
Pan NCTE OPUS hice care ee 133 326 15.5 54.1 16.3 28.6 4.39 
SUPSEDLOILS: soe Pee 5 ed os, 133 366 14.2 51.6 14.8 26.2. 3:79 
Sele OCTOPUS) Senne eae SS 72.7 248 8.35 47.2 14.6 18.2 3.00 
Bete IV BOLEUCIS az coset ccc ceral sansa! 48.5 148 425 35.7 13 8:10 1.52 
EXmosa VGPORtCd: asc ancotcncsan conse 197 520 27.6 13au) 2228 40.4 7.80 
COUN Virose abe a 2 ae 228 527 30.3 69.0 20.8 SZ, 7.00 
Recurvirostra GVOCEA ~........eceen--n--= 295 684 41.6 We | 220 49.4 3.98 
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TABLE 15.—continued 


Total Wing Wing Wing Win, Pectoral muscles 
weight area weight spread  lengt weight, gm. 
gm, cm.2 gm, cm, cm. Large Small 


Colombins rameurs 


lumba palumbus «.......--2----------s0eeee-e+ 495 797 70.0 154 24.5 118 18.5 
ie . se oy) 2 ee eee 306 532 44.3 75.3" 20/9 139 923 
TATE SPUR TET cst tee 178 376 24.5 52.9 17.5 39.4 7.30 

Gallinacés rameurs 
Tetrao urogallus &  -......c.ccscencscsncecsneee 3,361 1,412 339 131.8 36.0 607 208 

# “ Sn Dal Se eter 1,890 1,219 206 91.5 33.6. 413°) 16 
TERRES ROTTING) oo cee nc sctesseececttscsesnc 1,030 968 105 83.8 232 *" 2358s angae 

“ eee ON Sie ee ee nee 940 846 96.9 164 “2156 144 57.0 
TS a7 tN <a ee ae 1,193 978 130 87.0 - 255 ‘2705. 754 
TRIO PMS: WUTUS cacao m sence antec 462.5 486 42.0 60.3 186 78.7 > Zieh 

e TAG ODUS wo cress er eee 620 626 57.3 68.2 21:3 124 S02 

ca CEOS tt cccctoeee cee 624 593 56.0 70.9 21.4 122° 86:5 
CHROSEES DONUSUG “icc eens ee 278 386 205 52.9 16.3 73.0 24.7 
OWT Caray tay Raye ay! 4 [oe eee ee me ao 490 519 42.7 54.4 16.6 OL? see 
Gaccabas Sax cHlts: coc eas 606.5 473 48.2 55.0 16.1 92.6) a2 
Pes aa eet 2 em ae a 387 433 30.4 52.5 15.3 83.6 28.6 
COLUPNAK COLUTIAR .........-cecneneneneneeeeeeeee 83.2 171 7.60 35.8 10.5 14.75 4.13 
Colinus PectOr alts ..c...-n-c-ccseenercenseeoso==* 1315 196 9.89 33.1 9.66 26:1 "9:86 
Rhynchotus rufescens .......c------------+ 821.7 657 61.6 674 215 159° 37.0 

Palmipédes nageurs rameurs 
CN GHMSE CYGNUS 85 sc ccseeomsteeesnds 5,925 3307 978 230 56.1 884 70.1 
Anser fabalis ...... =) O10 2,675 425 162 46.7 555 59.7 

pe 3,065 2,697 491 163 46.5 570 59.8 

“ —albifrons. .... a ALS: 1,835 294 141 40:7 309°) 398 
Branta bernicla ..........-.----- E273 1,388 165 119 33.6 209 22.9 

rN IEUCOD SIS. scceccon soci <s VSO 1,150 150 108 35.6 192 20.8 
Anas platyr hy nchus ....1...-0-n-cnceneoee 1,105 928 117 90.0 25.9 215 32.7 
SPOAUIORCLUPCOLG sft es Oe 633 614 66.0 ADS Zou 116 152 
Wajlakacutiaven 2 Ae 955 840 98.0 91.6 25.6 186 20.0 
Marea POMElOPe <n wticccconsensnconreccseonseavese 830 664 83.6 85.5 25.4 146 17.7 
Querquedula CrECCA .....2----.nve----en-nene 293 349 31.0 57.8 17.9 57.7) higeso 

4 GQuerquedula  ..........0-0-0 327, 399 36.2 65.4 19.3 63.4 8.90 
Glangulaclangula’ aiscics herrea 622 516 57.0 70.0 19.6 106 14.5 
NEUE OCUMIN YOCOM cect ee 512 512 50.0 68.0 18.4 86.8 10.25 

EPs Pfaliguliaa smote ited 959%) 741 474 55.9 70.6 20.8 123 13:55 

TERING) cesta th aa a 842 615 80.0 714, . 207, 166 16.4 

Spar, MOTI ne een A 1A ae woe 675 621 98.6 816 21:9 176 16.3 
Oidemia nigra: 2280. 870 679 88.0 85.0 229 LOZ) le 

sme ALS COB ieiccs ene tes in ape ce 1,578 1,010 160 96.7 25:6  “Z21Sas 

Palmipédes plongeurs rameurs 
Mergus serrdigr 62 818 589 VE 88.6 24.4 142 14.7 

ee ME OGNS ER save ee 1,470 853 167 95.5 26.2 213 22.0 

fee | GIO CLES (ek eles Lin ieee 495 431 41.0 62.5 17.4 86.5.° 9137 
ColyMmbus CristQtus .........0..00c0esee0eeeceee 790 561 72.0 78.6 17.6 92.0 8.90 

a orisergenad:. 22 a 480 542 43.2 72.0 16.4 572) 5:28 
e PUR COIS. nee ee 180 236 10.9 44.0 10.2 14.65 1.95 
Gavia septentrionalis 1-1-0 957 890 102 104 26.6 580) 7545 

POT CRED, 32 Peas i ea 1,495 1,196 168 120 30.9 147 10.45 
alnatordae sees EN ee eee 780 382 48.0 68.1 19.3 97.0 28.9 
Ungar tromles ca. tok tee te aes 1,010 424 61.9 70.2 20.1 148 48.0 
Pratercula arctica 2... oS 272 345 23:7 56.4 16.2 30.4 9.50 
Alles alle aes 0 ep us 8 Re te te 91.2 167 DAS O80 12.6 12.8 3.65 
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TABLE 15.—concluded 


Total Wing Wing Wing Wing Pectoral muscles 
weight area weight spread length weight, gm. 
gm. cm.2 gm. cm. cm. Large  Smail 
Echassiers plongeurs rameurs 
PEC OUE GE: 2s ee at has at ace cetat 578 618 40.5 72.5 20.0 iS) ZED) 
Gallinula ChIOTOPUs .........-...-.-c-c-cnoeonoe 265 368 21.0 55.9 12.8 33.0 4.70 
EXOV SONG POP SANG ooo coon k Seacccenns 69 228 6.44 39.4 11.5 9.15 1.45 
IROHMSVAGUOHCUS! 22 ooo oe neta 128 261 9.50 41.3 11.6 114 2.14 
Passereaux plongeurs rameurs 
ACER ORTS PAG) weitsctincs cketentccetnats eens 36.4 108 375) 23:8 8.29 6.02 0.76 
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Nore: After completion of the present manuscript I have noted Frank A. 
Hartman’s “Locomotor Mechanisms of Birds” (Smithsonian Misc. Coll., vol. 143, 
No. 1). This paper contains many data on dimensional relationships for birds. A 
cursory inspection of the tables indicates general agreement with the relationships 
presented here. It is unfortunate that I was unable to include Hartman’s excellent 
and abundant data in the present compilation.—C. H. G. 
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INTRODUCTION 


During preparation of the chapter on the Cassiduloida for the 
“Treatise on Invertebrate Paleontology,” it became obvious that this 
group could not be properly understood without considerable research. 
Mortensen (1948) made a great contribution to knowledge of the 
cassiduloids, but unfortunately he saw few of the fossil species and 
was misled by the many inaccurate descriptions and illustrations by 
previous authors, Only by reexamining the primary types or topotype 
specimens of the type species, could the systematic outline of the 
cassiduloids be determined. This task has taken nearly five years, 
requiring two trips to European museums and extensive borrowing of 
specimens. Specimens of the type species of nearly all the genera 
have been studied, including the 71 genera that have been considered 
as synonyms. The results agree with the findings of Durham (1955, 
p. 74), that although the illustrations by previous workers appear to 
be carefully drawn, many are very inaccurate. Furthermore, most 
authors have not included drawings of the phyllodes, a feature which 
has proved to be of the utmost importance to the classification of this 
group. 

The order Cassiduloida, as restricted herein, includes all those 
“irregular” echinoids having petals, phyllodes, and bourrelets (the 
floscelle). These structures are illustrated in the included figure of 
a typical cassiduloid (text fig. 1). The phyllodes are formed by the 
crowding of pores in the ambulacra near the mouth (peristome). The 
bourrelets are caused by a swelling of the interambulacral plates at 
the peristome. There are 67 genera and approximately 800 species. 
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They first appeared in the Lower Jurassic, increased in number of 
species throughout the Mesozoic, and reached their zenith in the 
Eocene. Very few species are living today. 

In the course of this study, some interesting evolutionary trends 
have been discovered, suggesting many lineages within the cas- 
siduloids. Perhaps the most striking of these trends is the abrupt re- 
duction from two pores to one pore in each ambulacral plate beyond 
the petals, and the introduction of buccal pores. These changes oc- 
curred in almost all cassiduloids in the Cenomanian. Likewise an 
abrupt change in the structure of the apical system occurred at the end 
of the Cretaceous, with most pre-Maestrichtian species having a 
tetrabasal system and all Tertiary species having a monobasal system. 
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Fic. 1.—An adapical and adoral view of a typical cassiduloid echinoid. The phyllodes are 


formed by the crowding of ambulacral pores near the peristome. The floscelle is the starlike 
structure formed by the phyllodes and the bourrelets. 
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EVOLUTION 


AMBULACRAL PORES 


There is a striking example of parallel evolution in the ambulacra 
of the cassiduloids. In the species occurring before the Cenomanian, 
there are pore pairs in all the ambulacral plates, but in all those oc- 
curring after the Senonian, there are only single pores in the ambu- 
lacral plates beyond the petals. This change is graphically shown in 
chart 1, in which all the genera below the bold line have double pores 
beyond the petals, and all those above this line have a single pore. 
That such a change was forthcoming is indicated by the reduction in 
size in one of the pores of a pore pair in many pre-Cenomanian and 
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Cenomanian species, such as the Neocomian Pygorhynchus obovatus 
Agassiz (chart 2, fig. I), and Phyllobrissus gresslyi (Agassiz) (text 
fig. 61), the Albian Ochetes morrisii (Forbes) (chart 2, fig. M) and 
the Cenomanian Catopygus carinatus (Goldfuss) (text fig. 55) and 
Catopygus bargesui (d’ Orbigny) (text fig. 59). 

Although this study is concerned primarily with the cassiduloids, 
it is of interest to note that a very similar reduction in pores occurs 
in the spatangoids. I have not studied as many species of spatangoids, 
but most of those examined fall into a consistent pattern very similar 
to that in the cassiduloids. Over a brief period of time, all the 
spatangoids of the many diverse families undergo reduction of extra- 
petaloid pores from two to one. This change differs from the cor- 
responding change in the cassiduloids by occurring later, at the end 
of the Cretaceous. I*urthermore, no buccal pores are introduced. 

It is surprising that this parallelism in reduction from pore pair 
to single pore within the cassiduloids and the spatangoids has never 
been observed before. Mortensen (1948, p. 178) noted that several 
species had been reported as having single pores in the ambulacral 
plates but considered this fact of no significance. One reason that this 
trend was not discovered earlier is that many of the figures showing 
the phyllodes have been erroneous. Cotteau’s artist always showed 
double pores in the phyllodes whether they were double or single. Of 
the hundreds of species of irregular echinoids figured in ‘“Paleontol- 
ogie Francaise, Terrain Tertaire,” all are shown as having double 
pores in the ambulacral plates beyond the petals, although double pores 
do not occur in any of them. Hawkins (1911) in his study of the 
phyllodes did not study any post-Cenomanian species, or he certainly 
would have discovered this trend. 

The reason for this change from two pores to one pore in the 
cassiduloids and spatangoids seems to be reasonably clear. Most of 
the Paleozoic and early Mesozoic regular echinoids used their tube- 
feet for breathing as well as for feeding and locomotion. To fulfill 
the respiratory function, it was necessary that the tube-feet bifurcate 
in order to maintain two separate currents of water, one with oxygen 
and one without. According to MacBride (1906, p. 517), in Echinus 
“the tube-foot is connected by a double canal with the ampulla, the 
object of which is to assist in respiration. The cells lining it are cili- 
ated, and produce a current up one side of the tube-foot and down the 
other, and the double canal leading to the ampulla separates these two 
currents and prevents them interfering with one another.” Therefore, 
each tube-foot had a pair of pores linking it to the exterior. There 
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were no petals in these regular echinoids, and the whole ambulacrum 
was used partially for respiration. Most of the adoral portion of the 
test was not in contact with the sea floor, but was elevated by spines 
and by the spherical shape of the test. 

With the development of the irregular echinoid, the living habits 
changed radically. Prior to this change, most echinoids probably 
lived on the top of the sea floor, but in the Jurassic the irregular 
echinoids began to burrow shallowly into the substrate. In order to 
burrow, many changes in the morphology of the echinoid were neces- 
sary. Many regular echinoids were aided in respiration by large gills 
situated around the mouth. These gills could not function when the 
echinoid was partially buried, and their function was transferred 
adapically with the development of the petals. The tube-feet in the 
adapical ambulacra altered greatly in shape, with a great lateral ex- 
pansion of the outer branch of each tube-foot, greatly increasing its 
oxygen-absorbing area. furthermore, the test became greatly 
flattened, with the reduction in size of the spines, its lower surface 
came in contact with the sea floor. The adoral tube-feet no longer 
could be used very effectively for respiration, and they were adapted 
fot food gathering. The phyllodes resulted from the crowding of 
these tube-feet around the peristome. The tube-feet between the 
phyllodes and the petals assumed a sensory function, as in the living 
spatangoids (Nichols, 1959, p. 399). Simultaneously with these de- 
velopments, the jaws disappeared, and the eating habits of the echi- 
noids altered greatly. Echinoids with jaws ate larger food particles, 
but without jaws the particle size was greatly reduced, necessitating 
ingestion of many more particles. Presumably the great increase in 
the number of tube-feet around the mouth resulted from the need to 
have some means of conveying a great number of food particles to 
the mouth. Probably these tube-feet later became more specialized 
for this function, and fewer were needed, explaining the decrease 
in number of pores in the phyllodes of many of the Cretaceous cas- 
siduloids. According to Hyman (1955, p. 434), in the living echi- 
noids the tube-feet of the phyllodes are greatly specialized and are 
pencillate with the ends of the feet expanded and covered with erect 
club-shaped projections. Because these tube-feet were not used for 
respiration, it was not necessary for each foot to have an incurrent 
and excurrent channel, and for the pores to be paired. Probably the 
current in a tube-foot not used for respiration is unidirectional at 
one time, and the partition necessary for a pore pair would obstruct 
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this current. Furthermore, a double-pored ambulacrum is structurally 
weaker than one with a series of single pores. 

Almost simultaneous with the reduction from two pores to one, 
another very significant and important feature appears: the first 
buccal pores, through which extended tube-feet that were presumably 
sensory in function and aided in the detection of food. In general, 
species with double pores lack buccal pores, and species with single 
pores have them. There are few exceptions to this combination, and 
most of these exceptions occur in species that lived during the transi- 
tional period when the first single pores appeared, such as Hypopyg- 
urus gaudryi Gauthier (chart 2, fig. P), in which there are buccal 
pores but the ambulacra are all double pored ; Gentilia tafileltensis ? 
Lambert (chart 2, fig. Q), with single pores but no buccal pores, and 
Gentilia syriensis Kier (chart 2, fig. O), with minute buccal pores. 


PHYLLODES 


The phyllodes in the cassiduloids can be divided into two types: 
the nucleolitid and the pygurid. The pygurid type is found in many 
species of the Galeropygidae and the Clypeidae, and is particularly 
well exhibited in Pygurus. In this genus, there is a remarkably 
consistent trend in the evolution of the phyllodes, with a broadening 
of the phyllodes, a reduction in the number of pore pairs, and an in- 
crease in the distance between the pores and the edge of the peristome. 
This trend is illustrated in chart 3. In order to assure objectivity in 
this study, I have included on this chart a drawing of a phyllode of all 
the well-dated species of Pygurus in which this area has been figured. 

In the Middle Jurassic species of Pygurus, such as P. (Mepygurus) 
depressus Agassiz (chart 3, fig. a) from the Bathonian, the phyllodes 
are very long, not broadened, and have many pore pairs arranged in 
three series in each half-ambulacrum. The pore pairs extend almost to 
the edge of the peristome. Callovian species such as P. (Mepygurus) 
marmonti (Beaudouin) (chart 3, fig. b) and P. (Mepygurus) sp. 
(chart 3, fig. c) from Madagascar have similar phyllodes except for 
a slight broadening of the phyllode near the peristome. By Lusitanian 
time, the phyllodes have changed considerably. In P. (Pygurus) 
geryvilliensis Peron and Gauthier (chart 3, fig. e) and P. (Pygurus) 
blumenbachi Kock and Dunker (chart 3, fig. d) the phyllodes are 
greatly broadened, with the pore pairs shifted more laterally to the 
edge of the ambulacrum with a wide area between the two inner series 
of each half-ambulacrum. The pore pairs terminate far from the 
edge of the peristome, and there are fewer pore pairs in the inner 
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series. The phyllodes of the Kimmeridgian P. (Pygurus) perreti 
Lambert (chart 3, fig. f) and of the Neocomian species P. (Pygurus) 
rostratus (Agassiz) (chart 3, fig. g) are similar, being broad and 
having three series of pore pairs in each half-ambulacrum. In the 
Neocomian P. (Pygurus) montmollini (Agassiz) (chart 3, fig. h) 
the phyllodes have evolved to just two series of pore pairs in each 
half-ambulacrum. By Albian and Cenomanian time there is only one 
series as in P. (Pygurus) jagueyanus Cooke (chart 3, fig. i), P. 
(Pygurus) lampas (De la Beche) (chart 3, fig. k) and P. (Pygurus) 
africanus De Loriol (chart 3, figs. 1, m). It is interesting to note that 
in one of the phyllodes of one of the specimens of P. africanus figured 
by De Loriol there is a very short inner series. In P. (Pyguropsis) 
noetlingt De Loriol (chart 3, fig. j) there are two to three series of 
pore pairs but only for a short distance, with a single series near the 
peristome. 

In the nucleolitid type phyllode, there is not the same evolutionary 
trend from the Bajocian to the Cenomanian as that found in the 
pygurid type. As can be seen on chart 2, where the phyllodes of 24 
representative species are figured, the Lower Cretaceous phyllodes 
are very similar to those of the Middle Jurassic (Bajocian). Through- 
out this period all the species, except for Ochetes morrisii (Forbes) 
(chart 2, fig. M) have two series of pore pairs in each half-ambula- 
crum. The phyllodes of six species of Nucleolites (chart 2, figs. A, 
B, C, D, F, G) are very similar even though they do not occur at the 
same time. Even phyllodes of different genera are basically similar 
as shown in Bothryopneustes (chart 2, fig. E), Pseudosorella (chart 
2, fig. H), Pygorhynchus (chart 2, fig. 1), Plagiochasma (chart 2, 
fig. L), Phyllobrissus (chart 2, fig. K), and Clypeopygus (chart 2, J). 
However, during and after the Cenomanian the number of pores in 
each plate is reduced from two to one, as described above, and buccal 
pores appear. In the Turonian, most of the species have moderately 
widened phyllodes with two series of pores in each half-ambulacrum 
such as in Petalobrissus (chart 2, fig. R) or Parapygus (chart 2, fig. 
S). From this time through the Senonian there is an evolutionary 
trend in many genera toward a widening of the phyllodes, and a 
reduction in the number of pores in each inner series, such as in 
Hardouinia (chart 2, fig. T) and Pygidiolampas (chart 2, fig. U). 
This trend in Hardouinia is described in detail on page 146. In the 
Tertiary and Recent genera there is a relationship between the size of 
the test and the number of pores in the phyllode. Genera with small 
tests such as Pliolampas (chart 2, fig. V) and Cassidulus (chart 2, 
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fig. X) have phyllodes with few pores, whereas species of Ahyncho- 
lampas (chart 2, fig. W) and Echinolampas (chart 2, fig. Y) with 
large tests, have phyllodes with many pores. It is significant that even 
the young tests of large species have more pores than tests of the same 
size of small species. 


PETALS 


There is a most striking evolutionary trend in the relationship be- 
tween the length of the petals and the position of the margin. This 
trend is illustrated in chart 4, in which all the important genera are 
represented. The black area in each top and side view is the area be- 
low the petals. In Middle Jurassic and Callovian genera the petals 
are long and the margin abrupt, so that the area below the petals is 
very small. By the Oxfordian the petals are still very long, but the 
test is somewhat higher resulting in more area below the petals, par- 
ticularly in side view. From this time onward there is a rapid increase 
in the area below the petals due to a combination of shorter petals and 
a higher test with steeper sides. As discussed in more detail on p. 21, 
a cassiduloid probably could not burrow deeper than the lower limit of 
its petals. Therefore, apparently the reason for this change is that 
this increase in the area below the petals enabled the echinoid to 
burrow deeper into the substratum. There are many advantages in 
being able to burrow. That portion of the test under the sand would 
be less vulnerable to damage by wave action, and there would be less 
possibility of the test being tipped over. Furthermore, partially 
buried echinoids would have more protection from predators, because 
the test would be less visible and less exposed to the teeth or drill of 
an adversary. Finally, the ability to burrow would greatly increase 
the feeding area for the echinoid. When he was confined to the top 
of the substratum, all his food came from the top surface and the area 
within the substratum that could be reached by his phyllodal tube-feet. 
Burrowing increased this area by the volume of the substratum 
through which the animal was able to burrow. 

Besides the above evolutionary trend, there are several other changes 
in the petals. In the Jurassic species the petals are normally very long, 
extending to the margin of the test, and either narrow and almost 
subpetaloid as in Galeropygus agariciformis (Wright), or very broad 
and open with the outer pores greatly elongated and strongly con- 
jugate as in Clypeus. The only exception to this generality is Nu- 
cleolites, in which the petals are shorter and narrower than in Clypeus. 
In the Lower Cretaceous there are fewer species having the broad 
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petals so common in the Jurassic, and a predominance of species with 
open petals and narrow outer poriferous zones such as in Pygaulus, 
Catopygus, Clypeopygus, and Pygorhynchus. In the Upper Creta- 
ceous there is a tendency toward shorter, closed petals with broader 
outer poriferous zones, such as in Petalobrissus, Zuffardia, Lefortia, 
Fauraster, and Faujasia. In the Maestrichtian Cassidulidae, the petals 
are slightly developed and inconspicuous. A new feature is developed 
in the Tertiary with the introduction of unequal poriferous zones in 
the same petal. Usually the right poriferous zone in petal III is 
longer than the left, the posterior zones in petals II and IV longer 
than the anterior and the anterior longer in petals V and I. This 
inequality in length is very common in the Tertiary, occurring in 
almost all the species of Rhyncholampas, Cassidulus, and Echino- 
lampas. The function of this inequality is not known. 

In almost every genus all the ambulacra are petaloid. The only 
exceptions are Archiacia, Gentilia, Claviaster, and Pseudopygaulus 
in which ambulacrum III is nonpetaloid, or the petal is greatly re- 
duced. Lambert thought that there was no petal III in Heteronucleus, 
Pseudonucleus, and Pseudopygurus, but I have examined the type 
specimens of these genera under high magnification and found petal 
III. There was probably a petal III in the adult of Sphelatus, but 
the type specimen is immature and the petal not developed. 


APICAL SYSTEM 


The apical system undergoes considerable evolution from the 
Jurassic to the Recent, changing from a tetrabasal system with or 
without complementary and catenal plates to a monobasal system 
without any extra plates. In the Jurassic species, the system is tetra- 
basal, has four genital pores, and may have (text figs. 30-35) many 
complementary and catenal plates. The number and arrangement of 
these plates are very variable, even down to the species level. In 
some specimens of Clypeus agassizi (Wright), there are catenal plates 
joining the apical system to the periproct, but in other specimens there 
are none. Likewise, in Nucleolites scutatus Lamarck catenal and 
complementary plates may or may not be present. Early Cretaceous 
species still have a tetrabasal apical system and four genital pores, 
but there are no catenal or complementary plates. In the Late Creta- 
ceous beginning with the Turonian, there are species with only three 
genital pores. In the Senonian an abrupt change occurs, with many 
species having monobasal apical systems with only one genital plate, 
presumably genital 2, This change is very rapid and all inclusive for 
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there are no tetrabasal systems in adults of any post-Cretaceous 
species. On chart 1, all those genera having monobasal apical systems 
are above the bold dashed line, and all those with tetrabasal systems 
below. 

It is not possible to tell whether or not this change to a monobasal 
system was caused by fusion of the genital plates, resorption, or 
nondevelopment of genitals 1, 3, 4, 5. There is no trend toward 
increase in the size of genital plate 2 and no corresponding decrease 
in the size of the other genitals. In one of the earliest cassiduloids, 
Clypeus agassizi (text fig. 13) genital 2 is just as large, and the 
other genitals as small as in later species such as Petalobrissus seti- 
fensis Cotteau from the Senonian. Gordon (1929, p. 310) found in 
the Recent species Echinarachnius parma Lamarck that only one 
genital plate ever formed, with the other three present only in the 
form of remnants of larval spicules. Hyman (1955, p. 533) says 
that “in the Cassidulidae the four genital plates are fused with the 
madreporite,” but she gives no evidence for this statement. 

This change from a tetrabasal to a monobasal apical system is 
remarkable not only because of its parallelism in all the lineages of 
the cassiduloids that extend into the Tertiary, but also because of the 
abruptness with which it occurs. The lack of any trend toward a 
reduction in the size of the other genital plates, and the absence of 
any specimen with a monobasal apical system before the Senonian, 
suggests that this change was produced by parallel mutations and 
parallel selection. It might be suggested that the reason for the 
change is that a monobasal apical system is structurally stronger 
because it lacks the sutural area found in a tetrabasal system. How- 
ever, almost all pre-Senonian cassiduloid specimens have their apical 
systems preserved intact. It is, therefore, difficult to understand why 
a tetrabasal apical system would simultaneously become such a lethal 
character for all cassiduloids. Perhaps the mutations that produced 
the monobasal system were linked with another feature of greater 
selective value. 


BOURRELETS 


Bourrelets are present in the earliest cassiduloids, in which they 
are slightly to moderately developed, have vertical sides, and bulge 
slightly into the peristome (e.g., Clypeus). By Cenomanian time the 
bourrelets are often more prominent, as in Catopygus or Ochetes. 
They reach the zenith of their development in the Senonian, particu- 
larly in the Maestrichtian, when they become very large in such 
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genera as Hardouinia, Rhynchopygus, Lefortia, Clypeolampas, Fau- 
raster, Domechinus, and Hypsopygaster. In some species such as 
Hardouinia porrectus (Clark) (pl. 21, fig. 5) the bourrelets are 
huge, and toothlike. After the Maestrichtian, bourrelets are never 
as well developed, and except for the Eocene Australanthus longianus 
(Gregory) the bourrelets never even approach in size the ones found 
in the Maestrichtian species. 

The function of the bourrelets is to aid the echinoid in food 
gathering. Bourrelets are covered with many small spines which 
are used to push food particles up into the mouth. 


PERIPROCT 


In the earliest cassiduloids such as Clypeus and Nucleolites the 
periproct is usually supramarginal, often in contact with the apical 
system. By early Cretaceous time, however, there are many genera 
with the periproct already marginal or inframarginal such as Pygau- 
lus, Pygorhynchus, Astrolampas, and Catopygus. In the Turonian 
and Cenomanian, most of the genera have marginal or inframarginal 
periprocts, but in the Senonian with the advent of the Cassidulidae, 
and in the Tertiary, there are many species again with supramarginal 
periprocts, but in none of them is the periproct as anterior and near 
the apical system as in the earliest cassiduloids. 

It is obvious why the periproct and anal opening shifted away from 
the apex of the echinoid. With the development of petals and the 
subsequent shifting of the respiration function from the gills to them, 
it was necessary that the anal debris not be discharged over the petals. 


PERISTOME 


In the Jurassic cassiduloids, the peristome is usually slightly 
anterior, pentagonal, and with the length equal to the width as in 
Clypeus, Nucleolites, and Galeropygus. In the Early Cretaceous the 
peristome is either wider than long or very often oblique as in 
Pygaulus, Pygorhynchus, and Pygopistes. The long axis of this 
oblique peristome is from left anterior to right posterior. The reason 
for this obliquity is not known. From the Senonian to the Recent, 
there are no more species with an oblique peristome, and most of 
the Late Cretaceous and Tertiary genera have a pentagonal peristome 
usually wider than high. 
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TUBERCULATION 


There is a trend in the cassiduloids for a development of a special- 
ized adoral tuberculation differing from the adapical tuberculation. 
In the Jurassic species, the adoral tuberculation is very similar to the 
adapical, with tubercles of approximately the same size. By Neo- 
comian time the adoral tubercles near the peristome are slightly 
larger than the adapical tubercles. In the Cenomanian, the adoral 
tubercles are considerably larger, and for the first time there is a 
naked, granular, often pitted sternal area in interambulacrum 5. The 
large adoral tubercles often have eccentrically situated bosses. In 
the Late Cretaceous and Tertiary most of the genera have larger 
tubercles adorally and many have naked sternal areas. The presence 
or absence of this naked area seems of great significance taxonomi- 
cally, and it is unfortunate that no Recent cassiduloids have been 
studied in sufficient detail to learn its function. Probably the larger 
adoral tubercles and the naked sternal area have a burrowing func- 
tion. Nichols (1959, p. 417) describes the burrowing use of the 
adoral spines in the spatangoids. 


SHAPE 


In the cassiduloids there is a trend toward elongation of the test 
(chart 4). In many of the earliest genera, e.g., Clypeus and Mepyg- 
urus, the test outline is circular, and some are wider than long. By 
the Early Cretaceous, and from that time until the present, most of 
the genera are elongate. There are some exceptions such as some of 
the Maestrichtian species of Hardouinia which are circular. Gen- 
erally, the post-Jurassic species that have circular tests are highly 
inflated, as in some of the larger species of Echinolampas, whereas 
many of the circular Jurassic species are quite low. Presumably the 
trend toward elongation reflects a change in living habits, probably 
burrowing, where the elongate test would be better suited for moving 
through the sediments of the sea bottom. 


SIZE 


There is no trend in the size of the test of echinoids. Some Tertiary 
species are just as large as some Jurassic species. There do seem to 
be more smaller species in the Upper Cretaceous and Early Tertiary, 
with large numbers of small species in the Cassidulidae. 
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SUMMARY OF EVOLUTIONARY TRENDS 


From a study of the cassiduloids the following evolutionary trends 
are apparent: 

1. The ambulacral plates beyond the petals have double pores in 
all the pre-Cenomanian species, but single pores in most of the Upper 
Cretaceous and all the Tertiary species. 

2. Buccal pores are introduced at the same time that the double 
pores are reduced to single pores. 

3. The phyllodes become shorter and wider, have fewer pores, and 
become single pored. 

4. There is an increase in the area of test below the petals. 

5. The outer poriferous zone in the petals is narrower in the later 
species. 

6. The apical system in the earlier species is tetrabasal, often with 
complementary and catenal plates. The complementary and catenal 
plates are lost by the end of the Jurassic, and at the end of the Cre- 
taceous the system becomes monobasal. 

7. The bourrelets reach their zenith of development in the Mae- 
strichtian. 

8. The periproct is typically supramarginal in the more primitive 
species. 

g. The tubercles become larger adorally, and in the later species a 
naked area may be present adorally in interambulacrum 5. 

10. The shape of the test changes from circular to elongate. 


PHYLOGENY 


Using these evolutionary trends as the criteria, it is possible to 
suggest the phylogeny of the cassiduloid genera (chart 5). 

The Galeropygidae are the earliest of all the cassiduloids, and the 
most primitive in that they have a supramarginal periproct in contact 
with the apical system, very slightly developed petals, a low, wide 
test, and long, narrow phyllodes. Within the family, Hyboclypus, 
which is more advanced in having an elongate test, appears descended 
from Galeropygus. 

The Clypeidae are descended from the Galeropygidae or from a 
close ancestor of the Galeropygidae. They are more advanced as 
shown by their well-developed petals and usually more marginal or 
inframarginal periproct. Within the family, Pseudopygurus, Pygurus, 
and Clypeus are closely related, all three having well-developed 
petals, a low test, and in the earlier species narrow phyllodes with 
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crowded pores. There is considerable evolution within Pygurus, and 
the genus is divided into three subgenera, the earlier, more primitive 
Pygurus (Mepygurus), the later Pygurus (Pygurus), and Pygurus 
(Pyguropsis). Pygurus (Pygurus) differs from Pygurus (Mepyg- 
urus) in having shorter, broader phyllodes with fewer pore pairs, a 
higher test, shorter petals not extending as far adorally, with narrower 
poriferous zones, and large adoral tubercles. Pygurus (Pyguropsis) 
differs from Pygurus (Pygurus) in having a higher test. Pseudo- 
pygurus is descended from Pygurus and very closely related to it, 
differing only in having a less developed petal III. Clypeus differs 
from Pygurus in having a supramarginal instead of inframarginal 
periproct, and is probably descended from the same stock that pro- 
duced Pygurus. Astrolampas and Bothryopneustes are tentatively 
placed in this family but appear intermediate between it and the 
Nucleolitidae. Astrolampas, because of its low test and wide petals, is 
allied with Pygurus, but the pores in its phyllodes are not crowded, 
having only two series of pore pairs in each half-ambulacrum, a char- 
acter common with the Nucleolitidae. In Bothryopneustes the petals 
and the phyllodes are intermediate in development with those typical 
in the Nucleolitidae and the Clypeidae. 

The Nucleolitidae, like the Clypeidae, are descended from the 
Galeropygidae or a close ancestor of the Galeropygidae. They are 
more advanced in having more pronounced petals and usually fewer 
pore pairs in their phyllodes. All the genera in the family, with the 
possible exception of Pseudosorella, appear to be derived from 
Nucleolites. All their phyllodes are very similar in having two series 
of pore pairs in each half-ambulacrum; most of them have similar, 
open petals with narrow poriferous zones, and elongate tests. In 
Pseudosorella the phyllodes are similar to those in Nucleolites, but 
the test is very wide, a character found in Galeropygus. Of all the 
genera in the family, Clypeopygus has the strongest affinities with 
Nucleohtes. Both genera have very similar petals, phyllodes, and 
position of periproct, and differ only in that Clypeopygus has a more 
depressed test. Phyllobrissus is closely related to Nucleolites, because 
both genera have narrow, straight, open petals, and very similar 
phyllodes, but it appears to be more advanced in having a more 
elongate test, more developed bourrelets, and a more marginal peri- 
proct. Phyllobrissus is very similar to Catopygus and probably closely 
related, having similar petals, strikingly similar phyllodes with the 
inner pore of each pair greatly reduced in size, and well-developed 
bourrelets. Catopygus appears to be slightly more advanced with a 
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more elongate test and more marginal periproct. Oolopygus appears 
to be a more advanced offshoot of Catopygus. It is similar to Cato- 
pygus in having a small, elongate, moderately inflated test, narrow, 
equal petals, marginal periproct, and longer than wide peristome. 
It is more advanced in having single pores in its ambulacral plates 
beyond the petals, and in having buccal pores. The position of 
Hemicara is not clear. It resembles Catopygus in its floscelle and 
slightly developed petals, but has an inframarginal periproct. Pygau- 
lus appears to be an offshoot from Catopygus. Both genera have a 
cylindrical test, and narrow, straight, open, petals extending to the 
margin. However, the peristome in Pygaulus is oblique, and it is 
not closely allied with Catopygus. Both Pygorhynchus and Plagio- 
chasma are similar to Pygaulus. All three genera have the peristome 
oblique (although some species of Pygorhynchus have it regular), 
open petals with narrow poriferous zones, similar phyllodes, and 
longitudinal periproct. They differ only in the location of the peri- 
proct and shape of test. Pygopistes is apparently a direct offshoot 
from Plagiochasma in having the same petal arrangement, an oblique 
peristome, and similar phyllodes, but being slightly more advanced 
in having a marginal periproct. Hypopygurus appears to be an 
offshoot of Pygorhynchus in having similar petals and the same 
position of periproct, but it has buccal pores and is therefore more 
advanced. 

The family Faujasidae appears to be descended from the Nucleo- 
litidae, probably from a form similar to Phyllobrissus. The evolu- 
tionary trend in this family seems to be toward a decrease in the 
number of pores in the phyllodes, an increase in the development of 
the bourrelets and petals, and the change from a tetrabasal to mono- 
basal apical system. Petalobrissus is similar to Phyllobrissus in hav- 
ing the same shape and a supramarginal periproct, but is more ad- 
vanced in having single pores in the ambulacral plates beyond the 
petals, buccal pores, stronger bourrelets, and wider outer poriferous 
zones in the petals. Hardouimia originated from an ancestor like 
Petalobrissus. The older species of Hardouinia are very similar to 
some species of Petalobrissus, having similar phyllodes, a supra- 
marginal, longitudinal periproct, and a similarly shaped test. They 
differ only in that the bourrelets are more strongly developed in 
these species of Hardouinia and the periproct is more central. Later 
species of Hardouinia have much wider, shorter phyllodes with even 
more developed bourrelets, and are easily distinguished from Petalo- 
brissus. Pygidiolampas is an offshoot from Hardouina, differing 
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only in having an inframarginal periproct. Fawraster may be related 
to Hardouinia in having similar wide petals, a supramarginal peri- 
proct, and strong bourrelets, but until something is known of its 
phyllodes its affinities cannot be determined. Australanthus may be 
descended from Hardouinia, having strong bourrelets, wide phyl- 
lodes, equal petals, and a supramarginal periproct. It is more ad- 
vanced as shown by its monobasal apical system. Stigmatopygus 
appears to be descended from the same stock as Hardouimia, having 
a similar large inflated test, supramarginal periproct, broad, closed, 
equal petals, flat adoral surface, large bourrelets, and broad phyllodes. 
Gongrochanus is probably descended from Stigmatopygus, differing 
from it only in having more pores in its phyllodes and a prominent 
bulge in the median area of each phyllode. Pygurostoma is related 
to Gongrochanus, having wide phyllodes with many pores, strong 
bourrelets, and well-developed petals. Lefortia, Faujasia, Eurype- 
talum, and Domechinus appear to be related, all having similar broad 
petals, wide phyllodes, moderately strong bourrelets, and broad tests 
of medium size, and may be descended from Petalobrissus. 

Apparently, the Cassidulidae evolved from the Nucleolitidae, with 
Nucleopygus originating from Nucleolites. The two genera are 
similar in having a supramarginal periproct and straight, open petals 
with narrow poriferous zones, but Nucleopygus is more advanced 
in having single pores in its ambulacral plates beyond the petals and 
in having buccal pores. Rhynchopygus is similar to Nucleopygus 
in its small test and petal arrangement but differs in having stronger 
bourrelets, wider phyllodes, more advanced tuberculation with larger 
tubercles adorally, and a naked zone in interambulacrum 5. Both 
Ochetes and Hypsopygaster seem more closely related to Rhyncho- 
pygus than to Nucleopygus, sharing with Rhynchopygus strong 
bourrelets, larger tubercles adorally, and a naked pitted zone in 
interambulacrum 5. Having double pores in its ambulacral plates 
beyond the petals, Ochetes is more primitive than Rhynchopygus, 
whereas Hypsopygaster with its monobasal apical system is more 
advanced than Rhynchopygus. Cassidulus is very similar and with 
little doubt a descendent of Rhynchopygus, from which it differs 
only in having a monobasal apical system. Rhyncholampas has strong 
affinities with Cassidulus as shown by the existence of some species 
with characters intermediate between these two genera. 

The Echinolampadidae are descended from the Nucleolitidae, prob- 
ably from a genus like Pygorhynchus. The two oldest genera in the 
family, Arnaudaster and Parapygus, are very similar to Pygorhyn- 
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chus, the only important difference between them being that the 
ambulacral plates of Arnaudaster and Parapygus are single pored 
beyond the petals and they have buccal pores. Because both of these 
characters are advanced features and both Arnaudaster and Para- 
pygus occur later than Pygorhynchus, it is apparent that Pygorhyn- 
chus is the ancestor. The stock that produced the Echinolampas— 
Plesiolampas group appears to be derived from Parapygus. Both 
Parapygus and Echinolampas have petals with narrow poriferous 
zones that are unequal in length in the same petal, transverse, pen- 
tagonal mouths, and strong but not pointed bourrelets. Plesiolampas 
and Echinolampas are obviously evolved from the same stock inas- 
much as they are nearly indistinguishable; differing only in that in 
Plesiolampas the periproct is longitudinal, whereas it is transverse 
in Echinolampas. Conolampas is an offshoot from Echinolampas, 
differing only in having straighter petals with narrower poriferous 
zones. 

The Pliolampadidae are not homogeneous and may not represent 
a natural or phylogenetic grouping. They are distinguished from the 
Echinolampadidae in having petals with poriferous zones of equal 
length and in usually lacking a naked zone in interambulacrum 5 
adorally. They differ from the Faujasidae in having neither large 
pointed bourrelets nor very broad phyllodes. They originated from 
the Nucleolitidae, but it is not clear from what genus. The family can 
be divided into two morphological and perhaps phylogenetic stocks: 
one having open petals with very broad poriferous zones, including 
Zuffardia, Termieria, Pholampas, Pseudopygaulus, and Studeria, and 
the other having closed petals with narrow poriferous zones, includ- 
ing Gitolampas, Eurhodia, Ilarionia, Neocatopygus, Santeelampas, 
Daradaster, and Kephrenia. Among those with broad poriferous 
zones, Studeria greatly resembles Pliolampas and probably is de- 
scended from it. Pseudopygaulus appears to be descended from 
Termieria, both genera having broad petals, oval peristomes, trans- 
verse and inframarginal periprocts, similar tuberculation, and phyl- 
lodes with few pores. Pseudopygaulus differs in having no petal in 
ambulacrum III. The relationships of the genera of the other stock 
are not clear, although it appears that they may be offshoots from 
a Gitolampas stock. 

The Clypeolampadidae include those genera, V ologesia and Clypeo- 
lampas, with the test large and highly inflated, adoral surface flat, 
open petals broad and long with wide poriferous zones, and phyllodes 
with many pores. In shape and size they are very similar to Echino- 
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lampas and might be considered ancestral except that their petals 
have broad, equal poriferous zones, whereas these are narrow and 
of unequal length in Echinolampas. They are distinguished from 
the Pliolampadidae by their larger, much more inflated tests, longer 
petals, phyllodes with more pores, and naked zone in interambula- 
crum 5 adorally. Their origin among the Nucleolitidae is not clear, 
but they may have sprung from a genus similar to Hypopygurus, as 
they have very similar petals. 

The Archiacidae have two series of pores in their phyllodes in 
each half-ambulacrum, and therefore probably originated from some 
genus in the Nucleolitidae, but it is not clear from which genus. 
The two genera in the family, Archiacia and Gentilia, are closely 
related, both sharing several unusual characters including the dou- 
bling of pores in ambulacrum III and the absence or great reduction 
of a petal in this ambulacrum. Gentilia is more advanced, having 
single pores in the ambulacra beyond the petals (except in the adapi- 
cal portion of ambulacrum III), whereas Archiacia has double pores. 

Apatopygus, the only genus in the Apatopygidae, is probably de- 
scended from Nucleolites. In both genera the petals are straight, 
narrow, open, with narrow poriferous zones, the periproct is supra- 
marginal, the test is of a similar shape, bourrelets slightly developed, 
and the phyllodes have two series of pores in each half-ambulacrum, 
Apatopygus occurs much later and, as would be expected, there are 
single pores in the ambulacra beyond the petals, whereas in the earlier 
Nucleolites there are double pores. The absence in Apatopygus of 
buccal pores in a single-pored phyllode and the presence of “pyrinid” 
plating in the ambulacra beyond the petals distinguishes this genus 
from all the other cassiduloids and casts some doubt on its affinities. 


DISTRIBUTION IN TIME 


The relative abundance of the known cassiduloid species is shown 
on chart 6. One of the most striking features of this distribution is 
their great abundance in the Eocene and their subsequent decrease 
in the upper Tertiary and Quaternary. Over 500 species have been 
reported from the Tertiary, but there are only 16 species living today. 
Part of this great Eocene expansion is more apparent than real. 
Because most of the earlier workers did not distinguish the Paleocene 
from the Eocene, some of their species may belong to the Paleocene. 

The great decline in species may have been caused by a cooling of 
the seas and an increase in competition from other echinoids. Evi- 
dently the cassiduloids are almost restricted to warm water, as shown 
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by the occurrence of almost all the living species in tropical waters 
and of most of the Tertiary species in rocks believed to have been 
deposited in tropical seas. According to Durham (1959, p. 9) the 
Paleocene—Eocene tropical zone was much broader than it is today, 
gradually contracting since the Eocene. This contraction may explain 
the decrease in the cassiduloids, not only because it reduced the area 
where they lived, but also because it may have increased the compe- 
tition between them and other animals occupying a similar niche. 
It is probably significant that the great decrease in the number of 
cassiduloids occurred at the same time as an increase in the number 
of spatangoids and clypeastroids. 


ECOLOGY 


Unfortunately, the ecology of none of the recent species of cassid- 
uloids has been studied. The only information of any significance 
is A. Agassiz’s (1873, p. 555) statement that Rhyncholampas pacifi- 
cus (Agassiz) “lives like other spatangoids of which the habits are 
known, gregariously on sandy beaches, from five to six feet below 
low-water mark, half buried in the sand up to the extremities of the 
petals.” I have tried to locate in the Western Hemisphere a living 
population of cassiduloids that I could study, but with no success. 
Cassidulus cariboearum Lamarck lives in the Caribbean, but neither 
I nor any of the many marine biologists that I have contacted have 
seen them in any numbers. Dr. Lowell P. Thomas at the Marine 
Laboratory at the University of Miami reported (personal com- 
munication) that he had found one live specimen of C. cariboearum 
on a sandy bottom in about 18 inches of water at Lameshur Bay, 
St. John, Virgin Islands, but no observation was made on whether 
the specimen was buried or not. Fred Ziesenhenne reports (personal 
communication) that he dredged up from 10 fathoms over 100 
specimens of Rhyncholampas pacificus 175 miles northeast of Cape 
San Lucas, Baja California, Mexico. These specimens came from 
a sandy bottom, but Mr. Ziesenhenne could not observe how they 
lived because of the depth of the water. He states that he has never 
taken them in tangles, which would indicate that they do not live on 
the surface of the sand. Other than this information, nothing is 
known of the living habits of the cassiduloids. It is hoped that some- 
one will make a study of the cassiduloids similar to the magnificent 
work done by Nichols (1959) on the spatangoids. 

From a study of the morphology of the cassiduloids it can be 
conjectured that they lived only partially buried up to their petals. 
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Although spatangoids breathe with petals, they are able to live com- 
pletely buried because they have fascioles that create currents, driving 
air-laden water over the petals and a specially adapted anterior 
ambulacrum with long tube-feet to maintain an open burrow to the 
surface. Both these structures are lacking in the cassiduloids. 

Among the fossil cassiduloids, species of Hardouinia evidently 
lived in a littoral environment. H. mortonis and H. porrectus are 
found in great numbers in a sandstone at the top of the Ripley for- 
mation. Dr. Norman I*. Sohl, who has done extensive work on this 
formation, states (personal communication) that the echinoids occur 
with a typical heavy-shelled littoral molluscan assemblage including 
Idonearca littlei (Gabb), Aphrodina sp., Pachycardium sp., Tellina 
sp., Ostrea ci. O. subspatulata Forbes, and Cyprimeria. According 
to Dr. Sohl, this coarse sandstone appears from its texture, sedimen- 
tary structures, and facies relationships to be a littoral beach deposit 
formed in a high-energy environment. Littoral currents as well as 
strong wave action probably agitated the sediments continuously dur- 
ing the time of deposition. H. mortonis appears to be well adapted 
to this environment. Its high test enabled the echinoid to live par- 
tially buried in the sand with only its petals exposed. The covering 
by sand of the nonpetaloid marginal portion of the test would serve 
to anehor the echinoid and lessen the possibility of its being flipped 
over by currents. The heavy, jutting bourrelets would aid in keeping 
a passage open through the sand for the passing of food from the 
phyllodal tube-feet to the mouth. 


SYSTEMATICS 


In order to avoid unnecessary duplication, I have not included for 
any of the genera a synonymy of previous work or a history of 
previous workers’ opinions on the taxonomy of the suprageneric 
taxa. This information is readily available in Mortensen’s (1948) 
great monograph. 


Order CASSIDULOIDA Claus, 1880 


Circular to elongate ; apical system tetrabasal or monobasal ; ambu- 
lacra petaloid adapically; periproct outside of apical system; phyl- 
lodes and usually bourrelets present; no jaws or gill slits in adult. 

Comparison with other orders.—The cassiduloids are distinguished 
from the holectypoids by their usually elongate shape, petaloid ambu- 
lacra, presence of phyllodes and usually bourrelets, and absence of 
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a lantern in any adults. They differ from the spatangoids in lacking 
fascioles, in not having a specialized plastron, and in having a floscelle. 

Remarks.—Durham and Melville (1957, p. 260) divided the Cas- 
siduloida into two orders: the Nucleolitida and the Cassiduloida. All 
the genera with tetrabasal apical system and unequal pores in the 
petals were placed in the Nucleolitoida, and all with monobasal apical 
system and nearly equal pores in the petals were placed in the 
Cassiduloida. This division, however, is not feasible, for there are 
many genera such as Clypeolampas, Kephrenia, Pliolampas, Gito- 
lampas, Khyncholampas, and Australanthus which have a monobasal 
apical system but have the pores of their petals very unequal. As a 
matter of fact, there are more genera with a monobasal apical system 
and unequal pores than with equal pores. If this biordinal classifica- 
tion were used, many genera which are very similar in other charac- 
ters would be separated into different orders. Cassidulus would not 
be in the same order as its very close relative Rhynchopygus, even 
though both genera differ only in that one has a tetrabasal apical 
system, whereas the other is monobasal. At one time I thought that 
the Cassiduloida could be separated into two orders on the presence 
of one or two pores in the ambulacral plates beyond the petals and 
in the phyllodes. However, this division would be artificial, being 
purely morphological and not phylogenetic. Many genera closely 
related in the sum total of their characters would be placed in sep- 
arate orders. Parapygus and Pygorhynchus would be placed in dif- 
ferent orders even though they are indistinguishable except for the 
presence of single pores in Parapygus. Likewise Gentilia would be 
separated from Archiacia, Rhynchopygus from Ochetes, and Oolo- 
pygus from Catopygus. 


Family GALEROPYGIDAE Lambert, 1911 


Large, circular to elongate ; apical system central, tetrabasal ; peri- 
proct supramarginal, in contact with apical system, longitudinal, in 
deep groove extending to posterior margin; peristome anterior, oval ; 
ambulacra subpetaloid, flush with test, open, long, extending almost 
to margin; all ambulacral plates double pored; bourrelets absent or 
slightly developed ; phyllodes narrow, double pored with two or three 
series of pore pairs in each half-ambulacrum; no buccal pores; 
tubercles adorally slightly larger than adapically ; no naked, granular 
zone in interambulacrum 5. 

Genera.—Galeropygus, Hyboclypus. 

Range.—Jurassic (Toarcian to Rauracian). 
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Remarks.—The Galeropygidae are distinguished from the Nucleo- 
litidae by having subpetaloid ambulacra instead of the well-developed 
and often broad petals found in the Nucleolitidae. 

This family concept coincides with Lambert and Thiéry’s (1921, 
p. 336), but not with Mortensen’s (1948, p. 101), whose use of the 
family is far broader. He includes the genera Loriolella, Desorella, 
Galeroclypeus, Infraclypeus, and Menopygus, but all these genera 
lack phyllodes and usually petals and should not be referred to any 
family in the Cassiduloida. 


Genus GALEROPYGUS Cotteau 
Galeropygus Cotteau, 1856. Bull. Soc. Géol. France, ser. 2, vol. 13, p. 648. Type 
species by original designation, Hyboclypus agariciformis Wright. 
Synonym: Ressopygus Pomel. 


GENERIC DESCRIPTION 


Medium to large size, low or domed, circular; apical system tetra- 
basal, genital plates forming semicircle around adapical border of 
periproct; petals slightly developed, narrow, all ambulacral plates 
double pored; periproct in contact with apical system, longitudinal, 
groove leading from opening to posterior margin ; peristome anterior ; 
bourrelets slightly developed ; phyllodes double pored with many pore 
pairs arranged in three series; no buccal pores; tubercles perforate, 
crenulate, not arranged in vertical series, slightly larger on adoral 
surface. 

Comparison with other genera.—Galeropygus is very similar to 
Hyboclypus, having slightly developed petals, its periproct in contact 
with the apical system, and similar phyllodes with numerous pore 
pairs arranged in three series in each half-ambulacrum. It differs 
in having a broad apical system with the genital plates arranged in 
a semicircle, whereas in Hyboclypus the system is elongate with 
genital plates 2 and 3 usually separated from plates 1 and 4 by ocular 
plates II and IV. Furthermore, in Galeropygus the bourrelets are 
slightly developed, but are absent in Hyboclypus. 

Range and distribution.—Jurassic (Toarcian to Oxfordian) of 
Europe. 


DESCRIPTION OF TYPE SPECIES 
GALEROPYGUS AGARICIFORMIS (Wright) 
Plate 1, figures 1-4; text figure 2 


Hyboclypus agariciformis Wright, 1851. Ann. Mag. Nat. Hist., ser. 2, vol. 9, 
p. 90. 
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Material.—Two specimens studied in the U. S. National Museum 
collections, one in the Ecole National Supérieure des Mines, Paris, 
and nine in the British Museum (Natural History). 

Shape-—Medium to large size; outline varying from circular, to 
wider than high, flattened, with low, smoothly domed adapical sur- 
face, slightly depressed adoral surface; ambulacra on adoral side 
slightly depressed. 

Apical system.—Central, tetrabasal, genital plates arranged in 
semicircle anterior to opening of periproct. 

Ambulacra.—Petals very slightly developed (pl. 1, fig. 4), posterior 
petals flexuous; all petals extending almost to margin; pores not 
conjugate; outer pore slightly elongated transversely, inner round. 

Periproct.—Supramarginal, in contact with apical system, longi- 
tudinal, with groove extending from opening to posterior margin. 

Peristome.—Anterior, slightly pentagonal. 

Floscelle—Bourrelets slightly developed; phyllodes (text fig. 2) 
double pored with many pore pairs, arranged in three series in each 
half-ambulacrum, with six or seven pore pairs in each series; no 
buccal pores. 

Tuberculation—Tubercles perforate, crenulate, not arranged in 
vertical series; slightly larger adorally than adapically. 

Occurrence.—Middle Jurassic (Bajocian to Bathonian) of Eng- 
land and France. 

Location of type specimen.—Unknown. 


Synonym of GALEROPYGUS 


Ressopygus Pomel, 1883. Class. méth., p. 56. Type species by subsequent desig- 
nation, Mortensen (1948, p. 109), Clypeus constantini Cotteau. 
Remarks.—I found a topotypic specimen of this species in the 

Lambert Collection at the Sorbonne, Paris. The specimen is not well 

preserved but the phyllodes are visible, and a drawing of one of them 

is included in text figure 3. Since this specimen shows no features 
not visible on Cotteau’s (1873, Pal. franc., Jur., pl. 63) original 
figures, I do not include a description of it. 

Both Lambert and Thiéry (1921, p. 336) and Mortensen (1948, 
p. 109) considered Ressopygus a synonym of Galeropygus. The type 
species of both genera are very similar, each having a large broad 
test, with narrow ambulacra, slightly developed petals, phyllodes with 
many pore pairs arranged in three series, and a supramarginal peri- 
proct in contact with the apical system. They differ in that in G. 
constantini petals V and I distally curve posteriorly, whereas in 
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Fee ria 
5 
Fics. 2-7.—2, Galeropygus agariciformis (Wright): Phyllode of ambulacrum III of USNM 109561, from 
Jurassic (Inferior Oolite) at Cheltenham, England, X 10. 3, Galeropygus constantini (Cotteau): Phyllode of 
ambulacrum IV of topotypic specimen in Lambert Collection, Sorbonne, Paris, from Jurassic (Bajocian) at 
Les Tremardieres, Poitiers, France, 15. 4, 5, Hyboclypus gibberulus Agassiz: 4. Apical system of specimen 
in Museum of Comparative Zoology, Harvard, from Jurassic (Inferior Oolite) at Broad Windsor, England, X 4. 


Many of the plate sutures were not visible. 5, Phyllode of ambulacrum II of specimen in Lambert Collection, 
6, 7, Hyboclypus caudatus 


Sorbonne, Paris, from Jurassic (Bathonian) at Amberieux (Ain) France, X 10. 
Wright: 6, Apical system of Wright’s (1856, pl. 22, fig. 2h) figured specimen from the Inferior Oolite in the 
British Museum (B.M.E. 1505), magnification not known; 7, phyllode of ambulacrum V of specimen in Lambert 


Collection, Sorbonne, Paris, from Cheville (Sarthe), France, X 15. 
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G. agarictformis they curve anteriorly. This difference is not of 
sufficient significance to warrant generic distinction. 


Genus HYBOCLYPUS L. Agassiz 


Hyboclypus L. Agassiz, 1839. Ech. foss. Suisse, vol. 1, p. 75. Type species by 
monotypy, Hyboclypus gibberulus L. Agassiz. 
Synonym: Aulacopygus Pomel. 


GENERIC DESCRIPTION 


Medium to large size, flattened ; apical system tetrabasal, elongate, 
oculars II and IV usually in contact; petals slightly developed, all 
ambulacral plates double pored; periproct in contact with apical 
system, in longitudinal groove continuing to posterior margin; peri- 
stome anterior; no bourrelets, phyllodes double pored with many 
pairs of pores in three rows on each side; no buccal pores ; tubercles 
slightly larger adorally than adapically. 

Comparison with other genera.—Hyboclypus is very similar to 
Galeropygus. In both genera the petals are slightly developed, the 
periproct is in contact with the apical system, and the phyllodes have 
many pore pairs arranged in three series in each half-ambulacrum. 
It is distinguished by having an elongate apical system with oculars 
II and IV usually separating genital plates 2 and 3 from 1 and 4, 
whereas in Galeropygus the system is broad with the genital plates 
arranged in a semicircle around the anterior margin of the periproct. 
Furthermore, in Hyboclypus there are no bourrelets, whereas they 
are slightly developed in Galeropygus. 

Range and distribution—Jurassic (Bajocian to Rauracian) of 
Europe. 


DESCRIPTION OF TYPE SPECIES 
HYBOCLYPUS GIBBERULUS L. Agassiz 
Plate 1, figures 6, 7; text figures 4, 5 


Hyboclypus gibberulus L. Agassiz, 1839. Ech. foss. Suisse, vol. 1, p. 75, pl. 12, 

figs. 10-12. 

Material—Two specimens studied in the Lambert Collection, at 
the Sorbonne, I in the Muséum National d’Histoire Naturelle, Paris, 
and 17 at the British Museum (Natural History). 

Shape——Medium to large, round to elongate, varying with speci- 
mens, generally low except for high ridge extending from apical 
system toward anterior margin; depressed around peristome, inter- 
ambulacra inflated, ambulacra depressed. 
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Apical system.—Slightly anterior, tetrabasal (text fig. 4) oculars 
II and IV in contact separating genital plates 2 and 3 from genital 
plates 1 and 4; complementary plates present in some specimens. 

Ambulacra.—Petals slightly developed, long, extending to margin, 
widely open with very broad interporiferous zones, four or five times 
width of poriferous zones; petals V and I with slight curve; outer 
pore of pair elongate transversely, inner pore round, conjugate. 

Adoral interambulacra.——Two series of low, alternating plates; in 
interambulacrum 5 plates larger than in other areas. 

Periproct—Supramarginal, opening in contact with apical system, 
longitudinal with groove continuing from opening to posterior margin. 

Peristome.—Anterior, depressed, oval longitudinally. 

Floscelle—No bourrelets; phyllodes (text fig. 5) double pored 
with many pairs of pores arranged in three series in each half- 
ambulacrum, five or six pairs of pores in each series; phyllodes not 
expanded; no buccal pores. 

Occurrence.—Middle Jurassic (Bajocian to Bathonian) of France 
and England. 

Location of type specimens.—According to Lambert and Jeannet 
(1928, p. 126) the type specimens are at the Museum of Carlsruhe. 

Remarks.—Mortensen considered that the ambulacra were not 
petaloid. However, the pores on the adapical side are not the same 
size or shape as those on the adoral side. Adapically, they are large 
and unequal, the outer being transversely elongate. Adorally they 
are much smaller, equal, and in peripodia. Furthermore, the pore 
pairs on the adoral side decrease in size near the margin. 


Synonym of HYBOCLYPUS 


Aulacopygus Pomel, 1883, Class. méth. p. 53. Type species by monotypy, 
Hyboclypus caudatus Wright. 


DESCRIPTION OF TYPE SPECIES 
HYBOCLYPUS CAUDATUS Wright 
Plate 1, figure 5; text figures 6, 7 


Hyboclypus caudatus Wright, 1851. Ann. Mag. Nat. Hist., ser. 2, vol. 9, 

p. 100, pl. 3, fig. 2. 

Material—The holotype and 16 other specimens including a 
figured specimen were studied in the British Museum (Natural 
History) ; four specimens were seen in the Lambert Collection at 
the Sorbonne, Paris, and one in the U. S. National Museum. 

Shape.—Small, average specimen 20 mm. long, elongate, anterior 
margin gently rounded or slightly blunted, posterior slightly pro- 
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longed, truncated at anal groove ; adorally, inflated anteriorly, sloping 
posteriorly ; adapically, peristome depressed, interambulacra slightly 
inflated, ambulacra slightly depressed. 

Aprcal system.—Anterior, elongate, tetrabasal, with four genital 
pores situated in distal corners of plates (text fig. 6) ; genital plates 
2 and 3 separated from genitals 4 and 1 by oculars II and IV and 
several complementary plates. In British Museum specimen B.M.E. 
1505, seven complementary plates; number of such plates probably 
quite variable. 

Ambulacra.—Petals slightly developed, open, extending over two- 
thirds distance to margin, petals II, III, and IV straight, petals V 
and I curved convexly, posteriorly; poriferous zones narrow, pores 
oblique, inner pore of pair distal to outer; interporiferous zones wide, 
increasing in width distally. 

Adoral interambulacra.—Two series of low, alternating plates ; in 
interambulacram 5 plates larger than in other areas. 

Periproct.—Supramarginal, in contact with apical system, longi- 
tudinal, in deep triangular groove increasing in width toward pos- 
terior margin. 

Peristome.—Anterior, higher than wide, oval to subpentagonal. 

F¥oscelle—Bourrelets slightly developed; phyllodes double pored, 
with slight crowding of pore pairs (text fig. 7), no buccal pores. 

Tuberculation.—Tubercles perforate, crenulate, slightly larger on 
adoral surface than adapical. 

Occurrence.—Middle Jurassic (Bajocian—Bathonian) of England 
and France. 

Location of type specimen.—Holotype in British Museum ( Natural 
History), No. B.M.E. 1579. 

Remarks.—H. caudatus has been considered generically or sub- 
generically distinct from Hyboclypus because of its apical system, 
which is elongate with complementary plates separating oculars I 
and IV, and genital plates 1 and 4. In Hyboclypus the apical system 
is also elongate and the complementary plates usually separate genital 
plates 1 and 4, but not completely oculars II and IV. I do not believe 
that this difference in apical system is of generic significance. The 
arrangement and number of complementary plates is very variable 
even within one species. In Hyboclypus gibberulus, according to 
Cotteau’s (1873, Pal. franc., Jur., pl. 93, figs. 7, 9) figures, in one 
specimen there is only one complementary plate with both genital 
plates r and 4 and oculars II and IV in contact, and in another speci- 
men there are three complementary plates separating genitals 1 and 
4 and partially oculars II and IV. 
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Wright’s (1856, pl. 22, fig. 2h) figure of the apical system in H. 
caudatus is incorrect. I have studied the same specimen under high 
magnification and include (text fig. 6) a drawing of its apical system. 
There are seven complementary plates instead of two, and oculars II 
and IV are much larger than shown in Wright’s figure. Mortensen 
(1948, p. 115) also found large oculars in a specimen he collected 


of this species. 


Family CLYPEIDAE Lambert, 1898 


Usually large, low, broad, with flat adoral surface; apical system 
anterior, tetrabasal, always four genital pores; periproct usually 
longitudinal; peristome anterior, pentagonal; petals usually broad, 
closed, of equal length, outer pores slitlike, strongly conjugate, all 
ambulacral plates double pored; bourrelets well developed ; phyllodes 
in early species usually with three series of pore pairs in each half- 
ambulacrum, in later, only one; no buccal pores; in later species 
adoral tubercles larger than adapical, no naked granular zone in 
interambulacrum 5. 

Genera.—Clypeus, Bothryopneustes, Pygurus, Astrolampas, Pseu- 
dopygurus. 

Range.—Jurassic (Bajocian) to Cretaceous (Cenomanian). 

Remarks.—The Clypeidae are most similar to the Nucleolitidae, 
but differ in usually having a lower, broader, larger test, broader 
petals with broad outer poriferous zones, and phyllodes with more 
pore pairs. Pygurus and Pseudopygurus are distinct from any other 
genera in the Nucleolitidae, but Astrolampas and Bothryopneustes 
have characters intermediate between the Clypeidae and Nucleolitidae 
and consequently blur the distinction between the two families. Astro- 
lampas has the shape and wide petals of a clypeid, but the phyllodes 
of a nucleolitid, and in Bothryopneustes the petals and phyllodes are 
intermediate between those typical within the two families. Most of 
the species of Clypeus have a wider, lower, and larger test, wider 
petals with broader outer poriferous zones and longer, more crowded 
phyllodes than in any nucleolitid, but there are a few species in which 
these distinctive characters are not so well developed. 


Genus CLYPEUS Leske 


Clypeus Leske, 1778. Klein’s Nat. dispos. ech., p. 93. Type species herein 
designated Clypeus plot Leske. 

Synonyms: Auloclypeus Pomel; Crotoclypeus Pomel; Dactyloclypeus Mac- 
cagno; Echinoclypeus de Blainville. 
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GENERIC DESCRIPTION 


Large, circular, or with blunt anterior margin, pointed posterior 
as in Clypeus rostratus Agassiz, low or medium height, adoral sur- 
face depressed or flat; apical system, central or posterior to center, 
tetrabasal, posterior ocular plates posteriorly prolonged, extending to 
periproct, or short, sometimes with catenal plates joining apical sys- 
tem to periproct ; petals long, broad, open, with broad, tapering porif- 
erous zones, outer pore slitlike, all ambulacral plates double pored; 
periproct supramarginal, in groove or flush; peristome pentagonal, 
slightly anterior to center; bourrelets well developed, phyllodes 
double pored, with three series of pore pairs in each half-ambula- 
crum; no buccal pores. 

Comparison with other genera.—In petal arrangement and phyllode 
structure, Clypeus is very similar to Pygurus (Mepygurus), but is 
distinguished from it by its supramarginal periproct. It differs from 
Nucleolites in having wider petals with broader poriferous zones, 
usually a wider test, and much longer and more crowded phyllodes 
with three series of pore pairs in each half-ambulacrum instead of 
the two in Nucleolites. There are, however, some species that are 
intermediate in some of these characters, and it is difficult to know 
to which of the two genera to refer them. 

Remarks.—Many authors have indicated that C. plotii is the type 
species of Clypeus, but all of them considered Klein (1734) as the 
author of the genus. Since Klein is pre-Linnaeus, their designation 
of a type species has no validity. 

I have studied one specimen of Clypeus rostratus L. Agassiz from 
the Naturhistorisches Museum at Basel, Switzerland, in which two 
complementary plates occur in the apical system (text fig. 8) posterior 
to genital 2 and anterior to the posterior oculars. Having seen only 
one specimen, I do not know whether or not these plates are typical 
in C. rostratus. I have included a figure (text fig. 9) of a phyllode of 
this specimen, and of a specimen of Clypeus alius M’Coy (text 
fig. 10) studied in the Ecole des Mines, Paris. 

Range and distribution—Jurassic (Bajocian to Rauracian) of 
Europe, Africa. 


DESCRIPTION OF TYPE SPECIES 
CLYPEUS PLOTII Leske 
Plate 7, figure 6 
Clypeus plotii Leske, 1778. Klein’s Nat. dispos. ech., p. 93. 
Material.—Sixteen specimens studied in the collections of the U. S. 
National Museum, two in the Museum of Comparative Zoology, 
Harvard. 
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Figs. 8-13.—8, 9, Clypeus rostratus Agassiz: 8, Apical system & 8, and 9, phyllode of ambula. 
crum III, 8, of specimen in the Naturhistorisches Museum, Basel, Switzerland, from the 
Middle Jurassic (Bathonian) Variansschichten, Aargauer, Jura, Switzerland. 10, Clypeu. 
altus M’Coy: Phyllode of ambulacrum III of specimen in Ecole National Supérieure de: 
Mines in Paris, from Dorsetshire, England, X 10. 11-13, Clypeus agassizi (Wright): 11, Phyl. 
lode of ambulacrum V of specimen in Museum of Comparative Zoology, Harvard, from Middle 
Jurassic (Bathonian), Upper Inferior Oolite, Broad Windsor, Dorset, England, X 4; 12, adapical 
view of interambulacrum 5, showing lack of catenal plates in same specimen, X 8; 13, epic 
view of interambulacrum 5 showing catenal plates in USNM Springer Collection 54984, from 
same locality, < 8. 
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Shape.—Large, flattened, circular, greatest height at center, an- 
terior to apical system, adoral surface flat or depressed. 

Apical system.—Posterior to center, tetrabasal (text fig. 14 for 
C. sinuatus), madreporite large, extending posteriorly to posterior 
oculars, greatly separating posterior genital plates, other genital plates 
small, triangular, pore in genital plate 3 more anterior than pore in 
genital plate 2. Posterior oculars prolonged posteriorly, extending 
to opening of periproct. 

Ambulacra.—Petals broad, long, extending to margin, open. Petals 
II, III, IV, longer than V, I. Petals V, I curving slightly distally in 
some specimens. Interporiferous zones slightly wider than poriferous 
zones; poriferous zones very wide, outer pore of pore pair slitlike, 
very elongated, inner pore slightly elongated obliquely. 

Adoral interambulacra.—Two plates at peristome in each inter- 
ambulacrum preceded by regularly alternating plates. 

Periproct—Supramarginal, in contact with posterior oculars, elon- 
gated longitudinally, in deep groove which extends to posterior 
margin. 

Peristome.—Slightly anterior, pentagonal. 

Floscelle-—Bourrelets strongly developed, inflated. Phyllodes (text 
fig. 15 for C. sinuatus) double pored, extremely long, extending 
two-thirds length of ambulacrum on adoral side, with many pore 
pairs arranged in three series in each half-ambulacrum: approxi- 
mately 15 pore pairs in each series. 

Tuberculation.—Tubercles on adoral surface larger than on adapi- 
cal surface. 

Occurrence.—Jurassic (Bajocian and Bathonian) of England, 
France, Switzerland. 

Location of type specimen.—Unknown. 

Remarks.—Wright (1859, p. 363), Cotteau (1870, Pal. franc., 
Jur., p. 192), and others have considered that Leske’s C. plotii and 
C. sinuatus are synonyms. The specimens referred to C. plotii came 
from the Inferior Oolite in the Clypeus grit, which is uppermost 
Bajocian, resting directly under the Zig Zag beds which Cifelli (1959, 
p. 269) considers lowermost Bathonian. C. sinuatus is supposedly 
from the Bathonian Greater Oolite. The specimens I have studied 
from the Greater Oolite are smaller (pl. 7, figs. I, 2; pl. 8, fig. 4), 
have a more depressed adoral surface, and posterior petals curving 
distally, as opposed to the Inferior Oolite specimens (pl. 7, fig. 6) 
with a large test, flat adoral surface, and straight posterior petals. 
Probably these specimens represent two separate species, the large 
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Greater Oolite form C. sinuatus, and the smaller Inferior Oolite 
form C. plotw. I do not have sufficient specimens available to make 
a decision, and hope that an English paleontologist will reexamine 
all the specimens in the British collections and collect additional ma- 
terial in order to tie in this material stratigraphically. It is probable 
that an interesting evolutionary trend would be discovered. 


Synonym of CLYPEUS 
Auloclypeus Pomel, 1883. Class. méth., p. 60. Type species, Nucleolites michelini 

Wright, by subsequent designation, Mortensen (1948, p. 130). 

Remarks.—I have not seen any specimens of the type species of 
this genus, but from a study of Cotteau’s (1872, Pal. franc., Jur., 
pl. 57) figures, it appears to be a Clypeus. Mortensen (1948, p. 130) 
provisionally referred it to Clypeus but because of its short posterior 
oculars thought it might be referred to Echinobrissus (=Nucleo- 
lites). However, not all the species of Clypeus have long posterior 
oculars; for example, in some specimens of Clypeus agassigi these 
oculars are short. Furthermore, the test in C. michelini is much 
larger, broader, and lower than in Nucleolites. 


Synonym of CLYPEUS 


Crotoclypeus Pomel, 1883. Class. méth., p. 60. Type species by subsequent 
designation, Lambert and Thiéry, 1921, p. 344, Nucleolites agassizii Wright. 


DESCRIPTION OF TYPE SPECIES 


CLYPEUS AGASSIZI (Wright) 
Plate 5, figure 5, plate 8, figure 1; text figures I1-13 

Nucleolites agassizi Wright, 1851. Ann. Mag. Nat. Hist., ser. 2, vol. 9, p. 368, 

pl. 3, figs. 3a-c. 

Material—Two specimens studied, one in the Museum of Com- 
parative Zoology, Harvard; the other in the U. S. National Museum. 

Shape.—Extremely large, circular in outline, inflated adapical sur- 
face, greatest height slightly anterior to center, flat adoral surface. 

Apical system.—Slightly posterior to center, tetrabasal, madre- 
porite very large, other genital plates small; oculars V and I in 
contact, in some specimens prolonged. Catenal plates joining apical 
system to periproct present or absent (text figs. 12, 13). 

Ambulacra.—Petals broad, long, extending to margin, petals II, 
III, IV longer than V, I. Interporiferous zones slightly wider than 
poriferous, petals open. Poriferous zones very wide owing to great 
width of outer pore, narrowing at extremities of petals. Pores con- 
jugate, outer very slitlike, inner slightly elongated. 

Periproct.—Supramarginal, midway between apical system and 
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posterior margin, in slight groove extending from apical system to 
posterior margin. Opening longitudinal. 

Peristome.—Anterior, pentagonal. 

Floscelle-—Bourrelets well developed, inflated. Phyllodes not wid- 
ened (text fig. 11), double pored, very long, extending almost to 
margin, pore pairs arranged in three series in each half-ambulacrum ; 
no buccal pores. 

Occurrence.—Jurassic (Bajocian) of England and France. 

Location of type specimen.—Probably in the British Museum 
(Natural History). 

Remarks.—The two specimens I studied came from the same 
locality and are without doubt the same species, but their apical 
systems are not similar. In one, there are no catenal plates joining 
the apical system to the periproct, and in the other the catenal plates 
are numerous and the posterior oculars are prolonged (see text figs. 
12, 13). The presence of catenal plates is a variable feature in this 
species and is obviously not of as great taxonomic importance as 
has been considered. 

Pomel stated that this genus differed from Clypeus in having 
shorter posterior ocular plates, and in having the periproct more 
distant from the apical system. He referred three species to the 
genus, Clypeus hugi Agassiz, Nucleolites agassizi Wright, and 
Echinites subulatus Young and Bird. Lambert and Thiéry (1921, 
P. 344) maintained the genus as described by Pomel, but later (1925, 
p. 586) restricted the genus to species having the apical system 
joined to the periproct by a series of plates. They transferred 
C. hugi and E. subulatus to Clitopygus. The short posterior ocular 
plates, however, and the small plates joining the apical system to the 
periproct are not valid generic characters, because they are variable 
within the type species. The two specimens I studied of Clypeus 
agassizi came from the same locality and are similar in all respects 
except that in one the posterior oculars are short and there are no 
plates joining the apical system to the periproct (text fig. 12), but 
in the other the posterior oculars are very long and are joined to the 
periproct by a series of plates (text fig. 13). Furthermore, I have 
found this same variation in specimens of Nucleolites scutatus (text 
figs. 30-32). C. agassizi has strikingly similar petals, peristome, 
bourrelets, and phyllodes to those of the type species of Clypeus, C. 
plotii, and differs only in having a more inflated test, and its periproct 
more distant from the apical system and not in a deep groove. These 
differences do not warrant generic separation, and Crotoclypeus is 
herein considered a junior subjective synonym of Clypeus. 


ca 


dit 


Fics, 14-20.—14, 15, Clypeus sinuatus Leske: 14, Apical system of USNM 131253, from the 
Middle Jurassic (Bathonian), Great Oolite, at Kirtlington, Oxford, England, X 8; 15, phyllode 
of ambulacrum I of specimen No. 1037 in the Museum of Comparative Zoology, Harvard, from 
the Great Oolite, Boulogne sur Mer, France, & 4. 16, 17, Clypeus wylliei var. pentagona Currie: 
16, Phyllode of ambulacrum I of Currie’s (1925, pl. 10, fig. 2) figured specimen in the Hunterian 
Museum, Glasgow, from the Jurassic, Bihendula, British Somaliland, X 10; 17, apical system 
of same specimen, X 10. 18-20, Bothryopneustes lamberti Fourtau: 18, Adoral view of para- 
type, USNM 131262, from Upper Jurassic (Callovian), at Gebel Oum Chabba, Egypt, x 3; 
19, apical system, partially preserved, X15; 20, phyllode of ambulacrum II of same specimen. 
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Mortensen (1948, p. 137) considered Crotoclypeus as a synonym 
of Hardouinia. The great difference in the phyllodes of these genera 
rule out any possibility that they could be synonyms. In Crotoclypeus 
the phyllodes are double pored with the pore pairs arranged in three 
series in each half-ambulacrum, the phyllodes are not widened, and 
there are no buccal pores. In Hardouinia, the phyllodes are greatly 
widened, single pored, with the pores arranged in an arc, and with 
buccal pores. Hardouinia is much more advanced. 

Lambert and Thiéry (1925, p. 586) restricted Crotoclypeus to 
species having the apical system joined to the periproct by a series 
of plates. However, this feature is not of generic value but is 
variable within the type species, as described above. 


Synonym of CLYPEUS 


Dactyloclypeus Maccagno, 1947. Atti. Accad. Naz. Lincei Mem., ser. 8, vol. 1, 
p. 126. Type species herein designated, Clypeus wylliei Currie. 


DESCRIPTION OF TYPE SPECIES 
CLYPEUS WYLLIEI Currie 


Plate 7, figures 3-5; plate 8, figures 2, 3; text figures 16, 17 


Clypeus wylliei Currie, 1925. Monogr. Geol. Dept. Hunterian Mus., Glasgow 

Univ., pt. 5, Jur. and Eocene Ech., p. 63, pl. 10, figs. 1, 2. 

Material—All four specimens in Currie’s original collection, in- 
cluding the type of her variety pentagona. 

Shape.—Medium size, 45 mm. long, circular to pentagonal with 
width equal to length, adapically moderately inflated with greatest 
height at apical system, petals slightly inflated; adorally flat to 
slightly depressed around peristome. 

Apical system.—Central, tetrabasal (text fig. 17), genital 2 much 
larger than other genital plates, extending posteriorly, separating 
posterior genital and ocular plates. Other genital plates very narrow, 
elongated. 

Ambulacra.—Petals very broad, open, equal length, extending to 
margin; poriferous zones very wide, tapering distally, outer pore of 
pair slitlike, inner round to slightly elongated transversely, joined by 
deep conjugation groove; interporiferous zones expanding distally. 

Periproct—Supramarginal, longitudinal, in groove extending to 
posterior margin. 

Peristome.—Anterior, pentagonal, width approximately equal to 
length. 

Floscelle-—Bourrelets well developed, vertically sided. Phyllodes 
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not widened (text fig. 16), very long, double pored, with many pore 
pairs arranged in three series in each half-ambulacrum, outer two 
series close to each other almost forming one series ; no buccal pores. 

Tuberculation—Tubercles on adoral surface slightly larger than 
on adapical. 

Occurrence——Jurassic (Bathonian or Callovian) of British and 
Italian Somaliland. 

Location of type specimen.—Hunterian Museum, University of 
Glasgow, Scotland. 

Remarks.—Maccagno erected Dactyloclypeus as a new subgenus 
of Clitopygus (herein considered a synonym of Nucleolites). How- 
ever, in the type species of Clitopygus, Nucleolites lorioh (Cotteau), 
and of Nucleolites, N. scutatus, the phyllodes are much shorter than 
in C. wylliei with far fewer pore pairs, arranged in only two series, 
and the petals are much narrower having narrower poriferous zones. 
Maccagno distinguished C. wylliet from Clypeus because its periproct 
is not adjacent to the apical system and because of the character of 
its bourrelets. There are species of Clypeus, however, in which the 
periproct is not in contact with the apical system, and the bourrelets 
in C. wylliei are very similar to those in the type species of Clypeus, 
C. plotii Leske. As originally done by Currie, C. wylliei should be 
referred to Clypeus. 


Synonym of CLYPEUS 


Echinoclypeus De Blainville, 1830. Dict. Sci. Nat. (Zoophytes), vol. 60, p. 180. 
Type species herein designated, Galerites patella Lamarck, 1816 (=Clypeus 
plotu Leske, 1778). 
De Blainville evidently had not seen Leske’s paper, since all the 
species he referred to Echinoclypeus, Leske had also referred to 
Clypeus. 


Genus BOTHRYOPNEUSTES Fourtau 


Bothryopneustes Fourtau, 1924. Cat. invertébrés foss. l’Egypte, terr. Jurassiques, 
pt. 1, Echinodermes, p. 27. Type species by subsequent designation, Currie, 
1927, p. 425, Bothryopneustes lamberti Fourtau. 

Synonym: Clypeobrissus Currie. 


GENERIC DESCRIPTION 


Medium, circular to elongate, posterior margin often slightly 
pointed, adapically moderately inflated, margins well rounded, ado- 
rally usually pulvinate with ambulacra depressed ; apical system central 
to slightly anterior, tetrabasal; petals long, extending to margin, wide, 
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open or slightly closed, equal length, petaloid pores conjugate, outer 
pore slithke, all ambulacral plates double pored; periproct marginal 
to inframarginal, oval, longitudinal, with slight groove extending 
adorally; peristome slightly anterior, pentagonal, width equal to 
length, bourrelets well developed ; phyllodes slightly broadened, long, 
double pored, with two or three series of pore pairs in each half- 
ambulacrum; no buccal pores; tubercles on adoral surface slightly 
larger than on adapical. 

Comparison with other genera.—Bothryopneustes is very similar 
to Clypeus, having the same petal arrangement and shape of test, 
and similar floscelle. It differs from Clypeus in having its periproct 
marginal to inframarginal, whereas it is supramarginal in Clypeus. 
Furthermore, the test is usually smaller in Bothryopneustes. As an 
example of the great similarity of the two genera, Currie’s Clypeus 
wylliei (pl. 8, figs. 2, 3) and Bothryopneustes somaliensis (pl. 9, 
figs. 7-10), both from the same bed in British Somaliland, are almost 
indistinguishable except for the location of the periproct. 

Remarks.—Lambert (1932, p. 184) referred his Phyllobrissus 
jourdyi to Bothryopneustes, but its petals are only slightly developed, 
not broad as typical in this genus. 

Range and distribution.—Jurassic (Bathonian to Callovian) of 
Africa and Madagascar. 


DESCRIPTION OF TYPE SPECIES 


BOTHRYOPNEUSTES LAMBERTI Fourtau 
Plate 9, figures 1-4; text figures 18-20 
Bothryopneustes lamberti Fourtau, 1924. Cat. invertebrés foss. l’Fgypte, terr. 

Jurassiques, pt. 1, Echinodermes, pp. 28-20, pl. 2, fig. 5. 

Material.—Holotype and five paratypes studied. 

Shape.—Small to medium, 16 to 30 mm. long, elongate, anterior 
margin blunted, posterior slightly pointed, greatest width posterior 
to center, low, adorally peristome, ambulacra depressed. 

Apical system.—Slightly anterior, tetrabasal (text fig. 19), genital 
plates pointed at extremities. 

Ambulacra.—Petals broad, open to slightly closed, long, extending 
to margin, interporiferous zones wide, at greatest width almost twice 
width of poriferous zones, slightly inflated ; poriferous zones narrow- 
ing distally, petaloid pores conjugate, outer pore greatly elongated 
transversely, slitlike, inner pore slightly elongated. 

Adoral interambulacrum.—Single plate at peristome (text fig. 18) 
preceded by double series of alternating plates. 
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Periproct.—Marginal to slightly inframarginal, longitudinal, oval, 
higher than wide, slight groove extending adorally. 
Peristome.—Anterior, depressed, pentagonal, width equal to height. 
Floscelle-—Bourrelets well developed, inflated, sides oblique; phyl- 
lodes (text fig. 20) long, slightly broadened, double pored; in small 
specimens pore pairs in two series in each half-ambulacrum, approxi- 
mately 10 pore pairs in each outer series, 4 or 5 in each inner; in 
large specimens, pore pairs in three series; no buccal pores. 
Tuberculation.—Adorally tubercles slightly larger than adapically. 
Occurrence.—Upper Jurassic (Callovian), Gebel Oum Chabba, 
Egypt. 
Location of type specimen.—Geological Museum, Cairo, Egypt. 
Remarks.—I have studied the holotype and two paratypes of 
Fourtau’s (1924, p. 27) Pyguropsis lorioli (borrowed from the 
Geological Museum, Cairo), and after cleaning the holotype I am 
convinced that this species is certainly congeneric with Bothryo- 
pneustes lamberti, and probably conspecific. Fourtau considered this 
species to be a Pyguropsis because its periproct is marginal to infra- 
marginal, and created his new genus Bothryopneustes for B. lambert 
because he had the mistaken impression that the periproct in the 
latter species was supramarginal. Actually the periproct in B. lam- 
berti and B. lorioli is in the same position—marginal to inframarginal. 
The holotype of B. lorioli differs from the holotype of B. lamberti 
only in appearing to have its outer petaloid pores more slitlike. This 
difference is not real but reflects the difference in the preservation of 
the two specimens: the holotype of B. lamberti is badly weathered 
with the outer pores greatly enlarged. The phyllodes, which are 
visible in two of the paratypes of B. lorioli have three series of pore 
pairs in each half-ambulacrum, whereas only two occur in the types 
of B. lamberti. This difference is probably due to the difference in 
the size of the specimen. The largest specimen that Fourtau referred 
to B. lamberti, in which the phyllodes were visible, is 24.5 mm. long, 
and the smallest that he referred to B. lorioli is 30 mm. It is to be 
expected that the phyllodes in the larger specimen would have more 
pore pairs. Two of Fourtau’s paratypes of B. lorioli have thicker 
tests with steeper sides than the holotype of the same species, and 
evidently are similar to the specimens that Lambert (1932, p. 184) 
saw when he distinguished B. loriolt from B. lamberti on the grounds 
that the test in B. lorioli is thicker. This difference in thickness of 
test may be a variable feature within the species, or these paratypes 
may represent a separate species. Photographs of the holotype of 
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B. lorioli are included on plate 9, figure 5, 6. Both species were 
collected at the same locality, and it appears that Fourtau referred 
the smaller specimens to one species and the larger to another. 


Synonym of BOTHRYOPNEUSTES 


Clypeobrissus Currie, 1925. Monogr. Geol. Dept. Hunterian Mus., Glasgow 
Univ., pp. 69-70. Type species by original designation, Clypeobrissus somali- 
ensis Currie. 

Remarks.—Currie was unaware of Fourtau’s Bothryopneustes 
when she erected a new genus for her species Clypeobrissus somali- 
ensis. Fourtau’s paper had just come out shortly before hers. Later 
(1927, p. 425), she considered her species congeneric with B. lam- 
berti, and Clypeobrissus a synonym of Bothryopneustes. I have 
studied the type specimen of B. lamberti and paratypes of B. somali- 
ensis and agree that they are congeneric. Currie’s description is very 
thorough, and no redescription is necessary here, but photographs 
(pl. 9, figs. 7-10) are included. 

Maccagno (1947, p. 129) considered B. somaliensis a synonym of 
B. orientalis Fourtau. I have studied a specimen of B. orientalis, 
and its test is much more elongate than in B. somaliensis. I include 
photographs of this specimen on plate 9, figures II, 12. 


Genus PYGURUS Agassiz 


Pygurus L. Agassiz, 1839. Ech. foss. Suisse, vol. 1, p. 68. Type species by 
subsequent designation, Savin, 1902, p. 271, Echinolampas montmollini Agassiz. 
Synonym: Echinopygus d’Orbigny. 


GENERIC DESCRIPTION 


Large, often flattened, in some species width greater than length, 
in others less than length, posterior margin prolonged in some species, 
greatest height at apical system; apical system tetrabasal, posterior 
genital plates separated by genital 2, posterior oculars usually in con- 
tact, four genital pores; petals broad, equal, or with petal III shorter 
than others, open or with tendency to close, with wide interporiferous 
zones, wide tapering poriferous zones with conjugate pores, outer 
pore slitlike, all ambulacral plates double pored; periproct infra- 
marginal, longitudinal or transverse; peristome anterior, pentagonal, 
width greater than or less than height; bourrelets well developed, 
phyllodes slightly widened, or very broad, double pored, with from 
one to three series of pore pairs in each half-ambulacrum ; no buccal 
pores. 
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Comparison with other genera—Pygurus is most similar to 
Clypeus, but differs in having an inframarginal periproct. 

Remarks.—There has been considerable controversy over whether 
or not Mepygurus was distinctive enough from Pygurus to warrant 
generic separation. Beurlen (1933, p. 72) and Mortensen (1948, 
p. 136) considered Mepygurus as a subgenus of Pygurus. Beurlen 
suggested that Mepygurus was more primitive than Pygurus, but 
Mortensen disagreed. The study of the phyllodes (see p. 7) shows 
Beurlen to be correct. The species shown in chart 3 (p. 8) from 
the Bajocian to Callovian are species that Lambert and Thiéry 
refer to Mepygurus. They have more primitive phyllodes than the 
species occurring later that are referred to Pygurus (Echinopygus 
in Lambert and Thiéry). Furthermore, species referred to Mepyg- 
urus have in general a lower, broader test, a more central apical 
system, and broader outer poriferous zones in their petals. However, 
Mepygurus and Pygurus are so similar in their general appearance, 
and so closely related, that it is advisable to maintain Beurlen’s and 
Mortensen’s consideration of Mepygurus as a subgenus of Pygurus. 
If Mepygurus is considered as a distinct genus, its close relationship 
to Pygurus might be overlooked. Furthermore, there are some 
species which are intermediate between the two subgenera. Lambert’s 
(1905b, p. 575) Pygurus perreti has the low, circular shape of a 
Mepygurus but the broadened phyllodes of a Pygurus, and could not 
be referred with certainty to either one of the subgenera. 

Evolution—There is a remarkably consistent trend in the evolu- 
tion of the phyllodes in Pygurus, with a broadening of the phyllodes, 
a reduction in the number of pore pairs, and an increase in the 
distance between the pores and the edge of the peristome. This 
trend is described and illustrated in detail on page 8, chart 3. 

Besides this evolution in the phyllodes, there are several other 
trends in Pygurus. The outer pores of the petals are much less 
elongated transversely in the later species than in the earlier. In the 
Bathonian specimens of P. depressus the outer pore is greatly elon- 
gated into a narrow slit (pl. 2, fig. 2), and a similar slitlike outer 
pore occurs in P. blumenbachi (pl. 3, fig. 4) from the Lusitanian. 
In the Neocomian species, P. rostratus Agassiz, and P. montmollim 
(Agassiz) (pl. 2, fig. 1) the outer pores are less elongated. This 
trend reaches its maximum in the Albian and Cenomanian species, 
P. jagueyanus Cooke, P. lampas (De la Beche) (pl. 3, fig. 1), and 
P. africanus De Loriol, in which the outer pore is much less elongated 
than in the earlier species. 
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The tubercles are larger on the adoral surface of the later species 
than they are on the earlier. In P. depressus (pl. 2, fig. 5) of 
the Bathonian, and the Callovian Pygurus (Mepygurus) sp. from 
Madagascar the tubercles are quite small, whereas in the Albian P. 
jagueyanus and the Cenomanian P. lampas (pl. 3, fig. 2), they are 
much larger. There is a trend toward a narrower test, with most of 
the earlier species such as P. depressus and P. blumenbachi having 
a wide test with the width exceeding the length, and most of the 
later having a more elongate test with the length exceeding the width 
as in P. lampas and P. africanus. However, there are exceptions 
to this trend, with such species as P. acutus Agassiz from the 
Bajocian having an elongate test, and P. royeri Cotteau from the 
Kimmeridgian having a very wide test. 

In general, in later species the test is higher than in the earlier. 
In the Bajocian species P. acuta and P. terquemi the height is 
approximately 25 percent of the length, whereas in the Albian P. 
jagueyanus it is 34 percent and in the Cenomanian P. lampas it is 
58 percent. 

As discussed above (see p. 10), the petals in the earlier species 
extend to the margin of the test, but in the later species they termi- 
nate at a considerable distance adapical to the margin. 

Ecology.—Joysey (1952), in a most interesting paper, has given 
his interpretation of the ecology of Pygurus hausmannt (Koch and 
Dunker). From a study of the tubercles and the petals, he has 
concluded that P. hausmanni lived partially buried with its lower 
surface completely covered with sediment, and its petals free of 
sediment. 

Morphology.—On the holotype, in the Lambert Collection at the 
Sorbonne, of P. geryvilliensis Peron and Gauthier, there are four 
unusual pores in each phyllode. These pores occur between the edge 
of the peristome (chart 3, fig. e) and the first pore pairs of the 
phyllode in the position of buccal pores, and are probably primitive 
buccal pores. As discussed on page 7, buccal pores, with this one 
exception, do not occur in the cassiduloids until the Cenomanian, 
and then usually only in species having single-pored phyllodes. 

M. Collignon very kindly lent me 21 specimens of an undescribed 
species of Pygurus (Mepygurus) from Madagascar. Most of the 
specimens are beautifully preserved, showing clearly the plate sutures. 
It is interesting to note that in some of the specimens the posterior 
oculars are in contact (text fig. 21) as is typical in the genus, but in 
others these oculars are separated by one interambulacral plate (text 
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Fics, 21-24.—Pygurus (Mepygurus) sp.: 21, 22, 
ambulacrum 5 showing several plates inserted in 
III, X 8, from specimens in Collignon Collection, from Besavoa, Madagascar. 


Apical system, & 5; 23, view of adoral inter- 
series, X 1.3; 24, phyllode of ambulacrum 
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fig. 22). In interambulacrum 5 of two specimens, there are one or 
two plates on the adoral surface inserted between (text fig. 23) the 
regular plates of the interambulacrum. As the plate sutures are 
usually not clear in the phyllodes, I have included (text fig. 24) a 
drawing of a phyllode in which most of the sutures are visible. 

Remarks.—Cooke (1955, p. 98) transferred his Faujasia chelo- 
mum to Pygurus. Having single-pored phyllodes and a monobasal 
apical system, this species is not a Pygurus, but is referred below 
(p. 141) to a new genus. 

Range and distribution—Middle Jurassic (Bajocian) to Cretaceous 
(Cenomanian) of worldwide distribution. 


Subgenus PYGURUS Agassiz 


Type species—Echinolampas montmollini Agassiz. 

Remarks.—This subgenus includes those species of Pygurus that 
have a slightly elongate, somewhat inflated test, an anterior apical 
system, broad, depressed phyllodes with from three to one series of 
pore pairs in each half-ambulacrum, and with the first pore pairs 
in a phyllode widely separated from the edge of the peristome. This 
subgenus is more advanced than Pygurus (Mepygurus). 

Range.—Jurassic (Oxfordian) to Cretaceous (Cenomanian). 


DESCRIPTION OF TYPE SPECIES 
PYGURUS (PYGURUS) MONTMOLLINI (Agassiz) 
Plate 2, figure 1; chart 3, figure h 


Echinolampas montmollini L. Agassiz, 1836a. Mém. Soc. Sci. Nat. Neuchatel, 
vol. 1, p. 134, pl. 14, figs. 4-6. 


Material_—Five specimens were seen in Paris, two in the Muséum 
National d’Histoire Naturelle, and three in the Ecole des Mines. 
The floscelle and peristome was not visible on any of these specimens. 

Shape.—Large, broad, width slightly greater than length, with 
greatest width slightly posterior to center; slight, broad anterior 
groove, posterior margin slightly pointed, lobed on either side; 
adapical surface inflated with greatest height at apical system ; adoral 
surface pulvinate with interambulacra swollen, ambulacra depressed, 
area around periproct flattened. 

Apical system.—Anterior, tetrabasal, genital plates large, extending 
posteriorly, separating posterior genital plates; posterior oculars in 
contact. 

Ambulacra.—Petals broad, equal, closed, long, petal III extending 
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almost to margin, petals II and IV two-thirds to margin, petals V 
and I between one-half and two-thirds distance to margin; inter- 
poriferous zones very wide, tapering distally; poriferous zones wide 
with outer pore slitlike, inner pore slightly elongated transversely, 
pores conjugate. 

Periproct.—Inframarginal, longitudinal with anterior side of open- 
ing slightly pointing, posterior blunt; in slight, flat groove extending 
one-third distance from periproct to peristome. 

Peristome.—Anterior, pentagonal, width slightly less than height. 

Floscelle-—Not exposed on any specimens studied by this author, 
with following description based on illustrations by d’Orbigny (1856, 
pl. 917, figs. 1, 4) and Cotteau (1860 [1857-1878], pl. 59, fig. 6; 
Yonne). Bourrelets well developed; phyllodes large (chart 3, fig. h), 
greatly broadened, depressed, with two series of double pores in each 
half-ambulacrum, approximately 13 pore pairs in each outer series, 
6 in each inner; no buccal pores; pore series terminate at consider- 
able distance from edge of peristome. 

Occurrence.—Lower Cretaceous (Neocomian) of France and 
Switzerland. 

Location of type specimen.—According to Lambert and Jeannet 
(1928, p. 177) the holotype is at the Institut de Géologie at Neucha- 
tel, Switzerland. 


Synonym of PYGURUS (PYGURUS) 


Echinopygus d’Orbigny, 1856. Pal. franc., Crétacé, vol. 6, p. 303. Type species, 
Clypeaster oviformis var. 2 Lamarck=Echinoaus lampas De la Beche by 
subsequent designation, Lambert and Thiéry (1921, p. 355). 


DESCRIPTION OF TYPE SPECIES 


PYGURUS (PYGURUS) LAMPAS (De ta Beche) 
Plate 3, figures 1-3; chart 3, figure k 
Echinoaus lampas De la Beche, 1833. Trans. Geol. Soc., ser. 2, vol. 1, p. 42, 

pl. 3, figs. 3-5. 

Material—Three specimens were studied in the Ecole des Mines, 
Paris. One of these is the specimen figured by De la Beche, according 
to its label. This specimen is herein designated the lectotype. 

Shape.—Large, lectotype 74.0 mm. long, length greater than width, 
margin angular with posterior greatly prolonged, adoral surface 
inflated with greatest height anterior to center at apical system and 
with steeply sloping sides; greatest width posterior to center ; adoral 
surface concave. 
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Apical system.—Anterior, tetrabasal, with four genital pores. 

Ambulacra.—Petals broad, equal, long, extending over two-thirds 
distance to margin, closed, with very wide interporiferous zones, 
strongly tapering distally. Poriferous zones narrow, inner pores 
slightly elongated transversely, outer pores slitlike. 

Periproct—tInframarginal, on slight oblique truncation, tear-drop 
shaped, with apex pointing adorally, width approximately equal to 
length. 

Peristome.—Anterior, pentagonal, slightly higher than wide. 

Floscelle——Bourrelets strongly developed, toothlike. Phyllodes 
double pored, very broad and large, deeply depressed between bourre- 
lets ; one series of pore pairs in each half-ambulacrum (chart 3, fig. k) 
with wide space between series; pore pairs widely separated from 
edge of peristome; no buccal pores. 

Tuberculation—Tubercles on adoral surface larger than those on 
adapical surface. 

Occurrence.—Cretaceous (Cenomanian) at Coulaines, Canicus a 
Yore, Le Mans, and Fouras in France, and Lyme, England. 

Location of type specimen.—Lectotype in Ecole des Mines, Paris. 

Remarks.—d’Orbigny established this genus for the species P. 
(Pygurus) lampas and P. (Pygurus) rostratus and distinguished 
Echinopygus from Pygurus on just one character: the periproct is 
transverse in Echinopygus but longitudinal in Pygurus. Desor (1857, 
p- 310) and Cotteau (1867, Pal. franc., Jur., p. 128) considered that 
this difference was not of sufficient importance to warrant generic 
distinction. Lambert and Thiéry (1921, p. 355) did not consider 
the periproct to be transverse and considered the two genera to be 
synonymous, but because they thought the name Pygurus was pre- 
occupied, they substituted Echinopygus for Pygurus. Mortensen 
(1948, p. 133) pointed out correctly that the name Pygurus was 
available to Agassiz because Dejean’s (1833) Pygurus was a nomen 
nudum. Mortensen disagreed with Lambert and Thiéry and stated 
that the periproct was transverse in P. lampas and cited d’Orbigny’s 
(1856, pl. g19, fig. 2) figure in which the periproct is shown as being 
much wider than high. From my own observation of specimens of 
P. lampas, the width of the periproct is approximately equal to the 
length. In P. rostratus, however, the periproct is definitely wider 
than high. However, it is so similar in all its other characters to the 
type species of Pygurus (Pygurus), P. montmollin, that I believe 
it should be considered as congeneric with Pygurus. 
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Subgenus MEPYGURUS Pomel 


Mepygurus Pomel, 1883. Class. méth., p. 65. Type species, Pygurus michelini 
Cotteau, 1849=Pygurus depressus Agassiz in Agassiz and Desor, 1847, by 
subsequent designation, Lambert and Thiéry (1921, p. 356). 
Description.—This subgenus includes all those species of Pygurus 

that have a low, broad test, with a central or slightly anterior apical 

system, slightly depressed and not broadened phyllodes with three 

of four series of pore pairs in each half-ambulacrum, and with the 

first pore pairs in a phyllode near the edge of the peristome. 
Range.—Jurassic (Bajocian to Oxfordian). 


DESCRIPTION OF TYPE SPECIES 
PYGURUS (MEPYGURUS) DEPRESSUS Agassiz 
Plate 2, figures 2-5; text figure 25; chart 3, figure a 


Pygurus depressus Agassiz in Agassiz and Desor, 1847. Ann. Sci. Nat., Zool., 
ser. 3, vol. 7, p. 162. 
Pygurus michelini Cotteau, 1849. Ech. foss., L’Yonne, vol. 1, p. 70, pl. 5, fig. 7. 


Material—Three specimens were studied in the Museum of Com- 
parative Zoology at Harvard, one in the U. S. National Museum, 
and four in the Ecole des Mines in Paris, including two specimens 
figured by Cotteau (1869, pl. 31, figs. 1-3). 

Shape.—Large, up to 84 mm. in length, shape variable, in some 
specimens length greater than width, in others less than width; 
anterior margin often blunt, posterior margin often pointed, greatest 
width central or posterior to center ; test low, flattened, with greatest 
height at apical system or anterior to it; adoral surface depressed, 
pulvinate, with interambulacra inflated, ambulacra depressed. 

Apical system.—Central or slightly anterior, tetrabasal, genital 
2 large, extending posteriorly, separating posterior genital plates 
(text fig. 25), posterior ocular plates in contact. 

Ambulacra.—Petals equal, broad, closed, long, extending almost 
to margin; interporiferous zones very wide, tapering distally ; porif- 
erous zones wide with outer series of pores elongated into broad 
slits, inner pores slightly elongated transversely, pores conjugate ; 
poriferous zones tapering distally. 

Periproct.—Inframarginal, longitudinal, tear-drop shaped with 
apex pointing adorally; in slight, flat groove extending one-half 
distance from periproct to peristome. 

Peristome.—Slightly anterior, pentagonal, width slightly greater 
than height in some specimens, less than height in others. 

Floscelle.—Bourrelets strongly developed; phyllodes long (chart 3, 
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29 


Fics. 25-29.—Pygurus (Mepygurus) depressus Agassiz: 25, Apical system of Cotteau’s (1860, 
31, figs. 1-3) figured specimen from Ranville, France, in the Ecole National Supérieure des 
ines, Paris, X 15. 26, 27, Astrolampas productus (Agassiz): 26, Apical system of specimen 
the Museum of Comparative Zoology, Harvard, Lower Cretaceous (Neocomian), Mormont 
és Lasarraz, Switzerland, & 8; 27, phyllode of ambulacrum I of specimen in the Lambert 
nllection (No, 467), Sorbonne, Paris, from the Lower Cretaceous (Neocomian) at Morteau 
Doubs), France, X 8. 28, Pseudopygurus letteroni Lambert: Apical system of specimen from 
e Jurassic (Sequanian) at Bailly, Yonne, France, in the Lambert Collection, Sorbonne, Paris, 
15. 29, Nucleolites orbicularis (Phillips): Adoral interambulacral plates in specimen in the 
dgwick Museum, Cambridge, England, from the Cornbrash at Scarborough, Yorkshire, Eng- 
nd) X11. 
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fig. a), not broadened in some specimens, slightly broadened in others, 
with many pore pairs arranged in three series in each half-ambula- 
crum, in a large specimen (84 mm. long) approximately 18 pore 
pairs in each outer and inner series, II in each median series; pore 
pairs extending almost to peristome; no buccal pores. 

Tuberculation—Tubercles on adoral surface larger than those on 
adapical surface. 

Occurrence.—Jurassic (Bathonian-Callovian) of France, Switzer- 
land, England, Madagascar, and British Somaliland. 

Location of type specimen.—Unknown. 

Remarks.—There has been considerable controversy over whether 
or not P. depressus and P. michelint Cotteau are synonyms. Currie 
(1925, pp. 66-67) gives a thorough discussion of this problem and 
concludes that although one may be a variety of the other, they 
should be considered conspecific. 

Lambert and Thiéry (1921, p. 356) considered P. fungiformis 
(Agassiz, L., 1840a, p. 5) the type species of Mepygurus, and the 
senior synonym of P. muichelini. P. fungiformis, however, is a 
nomen nudum. 


Subgenus PYGUROPSIS De Loriol 


Pyguropsis De Loriol, 1902. Notes pour servir a l’étude des échinodermes, 
vol. 10, p. 32. Type species by original designation, Pygurus noetlingt 
De Loriol. 


Description—The type species of this subgenus differs from all 
the other species of Pygurus in having a thicker test with steeper 
sides. 

Remarks.—Mortensen (1948, p. 165) further distinguished this 
subgenus from Pygurus because of its smaller test, broader petals, 
and periproct on the posterior edge of the test. However, although 
the holotype is a small specimen, there is no way of knowing that 
it was an adult since only one specimen is known of this species. 
The petals are no broader than those in Pygurus (Mepygurus) 
depressus, and the periproct is in the same position as in Pygurus 
lampas. 

Range and distribution—Cretaceous (Cenomanian) of Lebanon. 
Only one species is known. Fourtau’s Pyguropsis lorioli is a Bothryo- 
pneustes as discussed on page 40. 
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DESCRIPTION OF TYPE SPECIES 


PYGURUS (PYGUROPSIS) NOETLINGI De Loriol 
Plate 4, figures 1-4; chart 3, figure j 


Pygurus noetlingi De Loriol, 1899. Mém. Soc. Phys. Hist. Nat. Genéve, vol. 33, 
pt, 2, Noxt, p. 4,ple 1, fig, 3: 


Material—Holotype, and only known specimen. 

Shape.—Small, length slightly greater than width, posterior margin 
slightly pointed, anterior margin blunted with slight anterior groove ; 
adapical surface inflated, margin very thick with steep sides, greatest 
height anterior at apical system; adoral surface depressed at peri- 
stome, interambulacra inflated. 

Apical system.—Anterior, four genital pores, tetrabasal. 

Ambulacra.—Petals very broad, closing distally, equal, petals IJ, 
III, and IV extending almost to margin; petals I and V over two- 
thirds distance to margin. Interporiferous and poriferous zones very 
wide, tapering distally ; pores in each zone widely separated for most 
of length of zone; pores conjugate, outer pore slitlike, inner pore 
elongated transversely. 

Pertproct.—Marginal to slightly inframarginal, oval. 

Peristome.—Anterior, pentagonal, slightly higher than wide. 

Floscelle—Bourrelets well developed, inflated ; phyllodes well de- 
veloped, greatly broadened, double pored with three series of pore 
pairs in each half-ambulacrum: 10 to 12 in the outer series, 3 in the 
middle, and 2 to 3 in the inner (chart 3, fig. j) ; interporiferous area 
very broad; two adjacent pore pairs near peristome, separated from 
rest of pores, presumably buccal pores. 

Occurrence.—Cretaceous (Cenomanian), Keft-Akab, Ouadi Sanin, 
Lebanon. 

Location of type specimen.—Holotype in De Loriol Collection, 
Muséum d’Histoire Naturelle, Genéve, Switzerland. 

Remarks.—Lambert (1899, p. 119) suggested from a study of 
De Loriol’s figures that ambulacrum III was different from the 
others. Ambulacrum III is petaloid like the other petals, but on the 
holotype the anterior surface is worn, partially obscuring this petal. 

The presence of paired buccal pores in this species is most unusual. 
As discussed on page 7, buccal pores are found in all species having 
single-pored phyllodes but rarely in species with double-pored phyl- 
lodes. 
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Genus ASTROLAMPAS Pomel 


Astrolampas Pomel, 1883. Class. méth., p. 63. Type species by original desig- 
nation, Pygurus productus L. Agassiz. 


GENERIC DESCRIPTION 


Test medium to large, very low, elongate; apical system anterior, 
tetrabasal; petals long, broad, slightly closed distally, interporiferous 
zones much wider than poriferous, petaloid pores conjugate, outer 
pore slitlike, all ambulacral plates double pored; periproct infra- 
marginal, located three-quarters distance from peristome to posterior 
margin ; peristome anterior, pentagonal ; bourrelets slightly developed, 
not inflated; phyllodes long, narrow, double pored, with two series 
of pore pairs in each half-ambulacrum; no buccal pores; tubercles 
adorally slightly larger than adapically. 

Comparison with other genera.—Mortensen (1948, p. 135) stated 
that if the apical system of Astrolampas productus should be found 
to be tetrabasal, the genus should be considered a synonym of 
Pygurus. I have studied the apical system of the holotype of A. 
productus and the apical system is tetrabasal, but I do not agree that 
the genus should be considered a synonym of Pygurus. In A. pro- 
ductus the bourrelets are not inflated and the phyllodes are narrow 
with two series of pore pairs, with the inner series widely separated 
from the outer. In Pygurus the bourrelets are strongly inflated, the 
pore series in a half-ambulacrum in the phyllodes are always close 
together, and in all the post-Callovian species the phyllodes are 
greatly widened. 

Astrolampas is similar to Pygorhynchus in petal arrangement and 
bourrelet development, but differs in having a flatter test, a more an- 
terior periproct, and in general narrower and much longer phyllodes. 

Remarks.—Lambert and Thiéry (1921, p. 357) refers seven spe- 
cies to this genus, but two of them, Lambert’s Astrolampas romani 
and Cotteau’s Botriopygus coquandi, should be referred to other 
genera. I studied a topotype specimen of A. romani in the U. S. 
National Museum. Lambert (1904, p. 841) did not figure the adoral 
surface of his species, but the periproct is too near the posterior 
margin for an Astrolampas, the phyllodes too short and too wide, 
and the peristome is oblique, not regular. Lambert evidently did not 
know that the peristome was oblique. In his description he states 
that in most of the specimens he examined the peristome was cov- 
ered with matrix, and that it appeared to be pentagonal. If he had 
known that the peristome was oblique, he certainly would not have 
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referred it to Astrolampas. This species should be referred to 
Pygorhynchus. B. coquandi does not have an inframarginal periproct 
and cannot be an Astrolampas. Being Senonian, it probably has 
single-pored phyllodes and should be referred to Parapygus. 

Range and distribution—Cretaceous (Valanginian to Cenomanian) 
of Europe and Syria. 


DESCRIPTION OF TYPE SPECIES 


ASTROLAMPAS PRODUCTUS (Agassiz) 
Plate 4, figures 5-7; text figures 26, 27 


Pygurus productus L. Agassiz, 1836a, Mém. Soc. Sci. Nat. Neuchatel, vol. 1, 

p. 135. 

Shape.—Large, holotype 58 mm. long, elongate, slightly pointed 
posterior, smoothly rounded anterior margin, very low, with greatest 
height anterior at apical system; adorally depressed with inter- 
ambulacra slightly inflated. 

Apical system.—Anterior, tetrabasal (text fig. 26), genital 2 large, 
extending posteriorly, separating genital plates 4 and 1 but not sep- 
arating posterior oculars V and I; other genital plates small. 

Ambulacra.—Petals well developed, broad, equal, lanceolate, ex- 
tending almost to margin, with slight tendency to close distally ; 
interporiferous zones broad, three times width poriferous zones; 
poriferous zones wide; outer pore slitlike, inner pore round; pores 
conjugate. 

Periproct.—Inframarginal, longitudinal. 

Peristome.—Anterior, depressed, pentagonal, slightly higher than 
wide. 

Floscelle-—Bourrelets slightly developed ; phyllodes extremely long, 
double pored (text fig. 27) with pore pairs arranged in two series 
in each half-ambulacrum: approximately 15 pore pairs in each outer 
series, 10 in each inner, with pore pairs arranged longitudinally in 
inner series, transversely in outer; no buccal pores, 

Tuberculation—Tubercles on adoral surface slightly larger than 
on adapical. 

Occurrence.—Lower Cretaceous (Neocomian) of France and 
Switzerland. 

Location of type specimen.—Museum of Comparative Zoology, 
Harvard, No. 804. 

Remarks.—d’Orbigny’s (1856, pl. 918, fig. 2) figure of the adoral 
surface of this species is erroneous in showing inflated beurrelets 
which project into the peristome, and greatly widened phyllodes. 


54 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


Genus PSEUDOPYGURUS Lambert 


Pseudopygurus Lambert, t911b. Ann. Univ. Lyon, ser. 1, vol. 30, p. 184. Type 
species by monotypy, Pseudopygurus letteroni Lambert. 


GENERIC DESCRIPTION 


Large, low; apical system tetrabasal; petals II and IV slightly 
shorter than petals I and V, petal III absent or slightly developed 
with narrower poriferous zones; all ambulacral plates double pored ; 
peristome regular, longitudinal, pentagonal; periproct inframarginal, 
longitudinal ; bourrelets well developed ; phyllodes double pored, with 
three series of pore pairs in each half-ambulacrum. 

Comparison with other genera.—Pseudopygurus is very similar 
to Pygurus (Pygurus). Pseudopygurus letteroni, the type species, 
very closely resembles Pygurus (Pygurus) blumenbachi Kock and 
Dunker as shown clearly in a comparison of plate 3, figure 4 and 
plate 5, figure 1. Both species have the same shape, petal arrangement 
in petals I, II, IV, and V, and similar phyllodes. P. letteroni differs 
only in having a less developed petal III. 

Range and distribution.—Besides the type species from the Se- 
quanian of France, Petitot (1954) has described a species, P. am- 
broggii, from Oxfordian of Algeria, and Checchia-Rispoli (1941) 
has figured and described, but not named, another species from the 
Sequanian of Italian Somaliland. 


DESCRIPTION OF TYPE SPECIES 


PSEUDOPYGURUS LETTERONI Lambert 
Plate 5, figures I-4; text figure 28 


Pseudopygurus letteroni Lambert, 1911b. Ann. Uniy. Lyon, ser. 1, vol. 30, 
p. 184 (footnote). 


Material.—Lambert never figured this species. There are four 
specimens in the Lambert Collection. The specimen marked type is 
herein designated the lectotype and is figured in plate 5, figures 1-4. 
It is well preserved adapically and clearly shows the petals, but 
adorally the peristome is covered with matrix, and the periproct 
obscured. A second specimen, also in the Lambert Collection, from 
a different locality is badly pitted but shows the peristome and 
periproct. 

Shape.—Large, low, greatest height anterior at apical system, 
greatest width posterior of center, anterior margin blunted, posterior 
pointed, outline roughly pentagonal. Adapically, interambulacrum 5 
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inflated in ridge along interradial suture, indented along either side 
at margin. Adorally, all interambulacra inflated relative to ambulacra. 

Apical system.—Anterior, tetrabasal (text fig. 28). 

Ambulacra.—Petals II and IV extending two-thirds distance to 
margin, petals I and V slightly longer, extending over one-half 
distance to margin. In paired petals, outer pores very elongate 
transversely, inner pore slightly elongate transversely, pores strongly 
conjugate, interporiferous zones twice as wide as poriferous, petals 
closing distally. Petal III (pl. 5, fig. 3) less developed than other 
petals, with much narrower poriferous zones with interporiferous 
zones three times as wide as poriferous zones, pores conjugate with 
outer pore elongate transversely, inner slightly elongated. All petals 
flush with test. 

Periproct—Inframarginal, longitudinal. 

Peristome.—Anterior, longitudinal, pentagonal, slightly depressed. 

Floscelle-—Bourrelets well developed, phyllodes broad, double 
pored, with three series of pore pairs in each half-ambulacrum. 

Occurrence—Upper Jurassic (Sequanian), Tonnerre and Baily, 
Yonne, France. 

Location of type specimen.—Lambert Collection, Sorbonne, Paris. 

Remarks.—Checchia-Rispoli (1941) redescribed this genus and 
species but based his description not on the type specimens, but on 
specimens from Somaliland which he considered to be conspecific with 
Lambert’s species. However, the Somaliland specimens are quite 
distinct and should be considered a separate species. The petals in 
the Somaliland species are longer, extending almost to the margin, 
and the apical system more central. Maccagno (1947, pp. 132-134, 
pl. 1, figs. 13, 13a) redescribed the Somaliland specimens, but figured 
the same specimen that Checchia-Rispoli had figured, but the nega- 
tive must have been reversed, as the pictures are mirror images of 
each other. 

Lambert stated that ambulacrum III was not petaloid in his species. 
Although petal ITI is much narrower than the other petals and its 
outer pores much less elongated, its pores are much larger than those 
occurring in the ambulacral plates beyond the petals, and therefore 
ambulacrum III must be considered as petaloid. 


Family NUCLEOLITIDAE L. Agassiz and Desor, 1847 


Medium to large, circular or elongate ; apical system tetrabasal, with 
or without complementary or catenal plates; petals moderately de- 
veloped, usually open, narrow with narrow poriferous zones; ambula- 
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cral plates beyond petals double pored except in Oolopygus, phyllodes 
narrow to slightly widened, with two series of pores in each half- 
ambulacrum, no buccal pores except in Oolopygus; bourrelets moder- 
ately developed; adoral tubercles the same size or slightly larger 
than adapical, no naked granular zone in interambulacrum 5. 

Genera.—Nucleolites, Pseudosorella, Clypeopygus, Catopygus, 
Phyllobrissus, Pygaulus, Pygorhynchus, Pygopistes, Hypopygurus, 
Plagiochasma, Oolopygus, Hemucara. 

Range.—Jurassic (Bajocian) to Cretaceous (Senonian). 

Comparison with other families—The Nucleolitidae are distin- 
guished from the Galeropygidae by their more developed petals, 
usually more elongate shape, and usually fewer pores in their phyl- 
lodes. They are distinguished from the Clypeidae by their narrower 
petals with narrower poriferous zones, and by the smaller number of 
pores in their phyllodes. The difference between the two families is 
not great, for there are some species of Nucleolites that have many of 
the characters of Clypeus. 


Genus NUCLEOLITES Lamarck 


Nucleolites Lamarck, 1801. Systéme des animaux sans verteébres, p. 347. Type 
species by subsequent designation, Lambert, 1808, p. 168, Nucleolites scutatus 
Lamarck. 

Synonyms: Acromftazus Pomel; Clitopygus Pomel; Cluniculus Pomel; Echino- 
brissus Gray; ? Heteronucleus Lambert; Holcoepygus Pomel; Lophopygus 
Pomel; Notopygus Pomel; Taphropygus Pomel; Thigopygus Pomel. 


GENERIC DESCRIPTION 


Small to medium size, usually broad with greatest width posterior 
to center, moderately inflated with thick margins; apical system 
tetrabasal, with or without complementary or catenal plates; petals 
long, open, poriferous zones narrowing distally, pores conjugate, 
outer pore greatly elongated transversely ; all ambulacral plates double 
pored; adorally interambulacrum with single plate (text fig. 29) at 
peristome preceded by regular series of alternating plates; periproct 
supramarginal, longitudinal, varying in position from in contact with 
apical system to widely separated from it, with anal groove extending 
from apical system or from periproct to posterior margin; peristome 
anterior, pentagonal, depressed, usually wider than high; bourrelets 
moderately developed; phyllodes narrow or slightly widened, double 
pored, with two series of pore pairs in each half-ambulacrum; no 
buccal pores; tubercles perforate, crenulate, larger adorally than 
adapically. 
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Comparison with other genera.—Nucleolites is distinguished from 
Clypeopygus by its lower test, and from Phyllobrissus by its wider 
test, less developed bourrelets, and more anterior periproct. 

Remarks.—The apical system is variable in Nucleolites, not only at 
the generic level but also at the specific. I studied a collection of 
specimens of N. scutatus Lamarck all from the same locality, in which 
in seven of the specimens the sutures in the apical systena were 
visible. In four of them genital 2 (text fig. 30) was short, not 
extending far enough posteriorly to separate genital plates 4 and 1, 
and there were no catenal plates. In one of them (text fig. 31) 
genital 2 is more elongate posteriorly and separates genital plates 
4 and I, and in one of them there are numerous catenal plates (text 
fig. 32) joining the posterior ocular plates to the periproct. Although 
no complementary plates occurred in any of the seven specimens, both 
Cotteau (1872, Pal. franc., Jur., pl. 77, fig. 5) and Beurlen (1933, 
p- 58) found them in other specimens. In some species there are 
specimens with many complementary plates as in N. orbicularis 
(Phillips) (text fig. 33) and N. major (Agassiz) (text fig. 34), 
few as in a specimen of N. burgundiae (Cotteau) (text fig. 36), and 
none as in a specimen of N. hugi (Agassiz) (text fig. 35). Genital 2 
is often small, not extending posteriorly between genital plates 4 
and I, as in a specimen of N. scutatus (text fig. 30), or very large, 
extending not only between the posterior genital plates but also 
between oculars V and I, as in a specimen of N. brodiei (Wright) 
(text fig. 37). 

The phyllodes, on the other hand are remarkably consistent within 
the genus. There are always two series of pore pairs in each half- 
ambulacrum, usually with approximately 10 in each outer series and 
4 to 6 in each inner, as in N. gracilis (Agassiz) (text fig. 38), N. pla- 
centula (Desor) (text fig. 39), N. lorioli (Cotteau) (text fig. 40), 
N. rotundus (Peron and Gauthier) (text fig. 41), N. amplus Agassiz 
(text fig. 42), N. orbicularis (Phillips) (text fig. 43), N. burgundiae 
(Cotteau) (text fig. 44), N. major (Agassiz) (text fig. 45), N. 
elongatus Agassiz (text fig. 46), N. scutatus Lamarck (text fig. 49), 
and N. subquadratus Agassiz (text fig. 48). In N. hugi (Agassiz) 
(text fig. 47) the phyllodes are similar except that they are longer, 
having approximately 18 pore pairs in each outer series and 6 to 8 
in each inner. 

Desor’s Echinobrissus placentula from the Aptian is a Nucleolites 
and not a Nucleopygus as determined by Lambert and Thiéry (1921, 
p. 347). The phyllodes (text fig. 39) are double pored on a specimen 
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Fics. 30-35.—Apical systems in species of Nucleolites showing the variation within a species 
and between species: 30-32, Nucleolites scutatus Lamarck from the Upper Jurassic (Oxfordian) 
at Villers, France: 30, Showing genital 2 not extending posteriorly between genitals 1 and 4 
and no catenal plates, USNM 131280a; 31, showing genital 2 separating plates 4 and 1, with no 
catenal plates, USNM 19546a; 32, showing many catenal plates, USNM 195466. 33, Nucleolites 
orbicularis (Phillips) with many complementary plates, from Jurassic (Cornbrash) at Scar- 
borough, Yorkshire, England, in Sedgwick Museum (J18148), Cambridge, England. 34, Nucleo- 
lites major (Agassiz) from Toul, France, in the Ecole National Supérieure des Mines, Paris. 
35, Nucleolites hugi (Agassiz) from specimen in Muséum National d’Histoire Naturelle, Paris, 
no locality. All figures XX I5. 
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studied in the Muséum d’Histoire Naturelle, Genéve, Switzerland, 
not single pored as typical in Nucleopygus. 

Range and distribution.—Middle Jurassic (Bajocian) to Cretaceous 
(Cenomanian) of Europe and North Africa. Lambert and Thiéry 
(1921, pp. 343-346) refer many Cenomanian and post-Cenomanian 
species to Nucleolites, Echinobrissus (an objective synonym of 
Nucleolites), and Clitopygus (herein considered a subjective synonym 
of Nucleolites). Most of these species and probably all the post- 
Cenomanian species belong to other genera. Among these species, 
Fourtau’s Echinobrissus ammonis and E. lefebvrei from the Turonian 
have single-pored phyllodes and broad petals and are herein referred 
to Petalobrissus (see p. 123 for a redescription of these two species). 
Clark’s Echinobrissus expansus according to Cooke (1953, p. 13) 
is based on a specimen of Nucleolites scutatus from the Jurassic of 
Europe. Lambert’s Clitopygus marticensis from the Santonian has 
single-pored phyllodes and probably should be referred to Rhyn- 
chopygus. The phyllodes have never been figured in any of the other 
post-Cenomanian species that Lambert and Thiéry refer to Clitopygus, 
but it is probable that they are all single pored and that the species 
should be referred to other genera. Ikins’ (1940, p. 28) Nucleolites 
wilderae from the Senonian is, according to Cooke (1953, p. 17), 
conspecific with the Texan specimens of Weisbord’s (1934, p. 191) 
Echinobrissus cubensis, which is herein (p. 122) considered a 
Petalobrissus. 

I have seen specimens of Peron and Gauthier’s Echinobrissus 
rotundus in the Lambert Collection and include a photograph of one 
of them (pl. 7, fig. 7). It has double-pored phyllodes (text fig. 41) 
and is the latest occurring Nucleolites (Cenomanian) that I have seen. 


DESCRIPTION OF TYPE SPECIES 
NUCLEOLITES SCUTATUS Lamarck 
Plate 6, figures I-3; text figures 30-32, 49 
Nucleolites scutatus Lamarck, 1816. Animaux sans vertébres, vol. 3, p. 36. 


Material—Fifty specimens studied in the U. S. National Museum. 
Shape-—Small to medium size, subquadrangular in marginal out- 
line, expanding posteriorly, with greatest width posterior to center, 
anterior margin smoothly rounded, posterior indented at anal groove ; 
adapically inflated, with thick margins, sides sloping steeply ; adorally 
pulvinate with ambulacra slightly depressed, peristome very depressed. 
Apical system.—Anterior, tetrabasal (text figs. 30-32), genital 2 
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large usually extending posteriorly only to genital plates 4 and 1, 
but in some specimens (text fig. 31) extending more posteriorly, 
separating these genitals; oculars V and I large, in some specimens 
short (text fig. 30), in others long, extending posteriorly (text 
fig. 32) ; catenal plates extending from posterior oculars to periproct 
present (text fig. 32) in few specimens, but usually absent; no 
complementary plates on any specimens studied by this author, but 
Cotteau (1872, Pal. franc., Jur., pl. 77, fig. 5) and Beurlen (1933, 
p. 58) show one in their figures. 

Ambulacra.—Petals well developed, open, equal length, extending 
two-thirds distance to margin, flush with test; interporiferous zones 
almost twice width of poriferous zones; poriferous zones narrowing 
distally, pores conjugate, outer pore transversely elongate, inner 
circular. 

Periproct—Supramarginal, between one-third and one-half dis- 
tance from apical system to posterior margin; longitudinal, slight 
groove from apical system to periproct, deep groove from periproct 
to posterior margin, groove continuing to adoral surface. 

Peristome.—Anterior, depressed, pentagonal, wider than high. 

Floscelle—Bourrelets slightly developed; phyllodes double pored, 
arranged in two series in each half-ambulacrum, approximately Io 
pore pairs in each outer series, 4 to 6 in each inner (text fig. 49). 

Tuberculation—Tubercles perforate, crenulate, larger adorally 
than adapically. 

Occurrence.—Upper Jurassic (Oxfordian-Rauracian) of England, 
France, and Switzerland. 

Location of type specimen.—Unknown. 


Fics. 36-43.—36, Nucleolites burgundiae (Cotteau): Apical system showing 
few complementary plates on specimen in Museum of Comparative Zoology, 
Harvard, from Jurassic (Bathonian) at Selongey (Cote-d’Or), France, X 12. 
37, Nucleolites brodiei (Wright): Apical system with large genital 2 separating 
posterior oculars, from specimen in Muséum National d’Histoire Naturelle, 
Paris, Jurassic (Portlandian), St. Saire, France, X 15. 38, Nucleolites gracilis 
Agassiz: Phyllode of ambulacrum V of holotype in Museum of Comparative 
Zoology, Harvard, from the Jurassic (Upper Oxfordian) at Raedersdorf Haute, 
Switzerland, & 10. 39, Nucleolites placentula (Desor): Phyllode of specimen 
from De Loriol Collection, Muséum d’Histoire Naturelle, Genéve, Switzerland, 
from the Lower Cretaceous (Aptian) at La Presta (Neuchatel), Switzerland, 
15. 40, Nucleolites lorioli (Cotteau) : Phyllode of specimen in Muséum Na- 
tional d’Histoire Naturelle, Paris, from the Middle Jurassic (Bajocian) at 
St. Michiel, France, 15. 41, Nucleolites rotundus (Peron and Gauthier) : 
Phyllode of ambulacrum I of specimen in Lambert Collection (No. 253), Sor- 
bonne, Paris, from the Cretaceous (Cenomanian) at Bou Saada, Algeria, & 10. 
42, Nucleolites amplus Agassiz: Phyllode of ambulacrum II of specimen in 
Naturhistorisches Museum (No. Mrs21/1), Basel, Switzerland, from Middle 
Jurassic (Bathonian), Discoideen-Schichten, Aargauer, Jura, Herznach, Switzer- 
land, & 15. 43, Nucleohtes orbicularis (Phillips) : Phyllode of ambulacrum IV 
of specimen J18145 in Sedgwick Museum, Cambridge, England, from Scar- 
borough, Yorkshire, England, X Io. 
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Figs. 44-49.—44, Nucleolites burgundiae (Cotteau): Phyllode of specimen in Museum of 
Comparative Zoology, Harvard, from Jurassic (Bathonian) at Selongey (Céte-d’Or), France, 
X10. 45, Nucleolites major (Agassiz): Phyllode of ambulacrum I of specimen in Ecole Na-} 
tional Supérieure des Mines, Paris, from Toul, France, 10. 46, Nucleolites elongatus Agassiz: 
Phyllode of ambulacrum III of specimen in Muséum National d'Histoire Naturelle, Paris, no 
locality data, & 15. 47, Nucleolites hugi (Agassiz): Phyllode of ambulacrum V from specimen 
in Lambert Collection, Sorbonne, Paris, no locality data, 10. 48, Nucleolites swbquadratus 
Agassiz: Phyllode of ambulacrum V of specimen in Museum of Comparative Zoology, Harvard 
(No. 965), from the Lower Cretaceous (Neocomian) at Mieger et Billecul (Jura), Switzerland, | 
10. 49, Nucleolites scutatus Lamarck: Phyllode of ambulacrum I of specimen USNM 19546, 
from the Upper Jurassic (Oxfordian) at Villers, France, X Io. 
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Synonyms of NUCLEOLITES 


Echinobrissus Gray, 1825. Ann. Philos. p. 429. Type species, Nucleolites 
scutatus Lamarck, by subsequent designation, Cooke, 1946, p. 222. 


Remarks.—There has been considerable confusion between Echi- 
nobrissus and Nucleolites. Most authors (e.g., Mortensen, Lambert 
and Thiéry, Duncan, and Cotteau) have used the name Echinobrissus 
even though they attributed it to a pre-Linnaean author, Breynius, 
1732. They considered Nucleolites clunicularis Phillips the type 
species. Since N. clunicularis was not included among the two spe- 
cies that Gray referred to his Echinobrissus, it cannot be the type 
species. Cooke’s designation of N. scutatus as the type species is 
correct, making Echinobrissus a junior objective synonym of Nucleo- 
lites. Even if N. clunicularis were the type species of Echinobrissus, 
this genus could not stand. N. clunicularts is very similar to N. 
scutatus and certainly congeneric, the two species being distinguished 
from each other only by a slight difference in shape of their test, and 
in the length of their anal groove. 


Acromazus Pomel, 1883. Class méth., p. 58. Type species herein designated, 
Echinobrissus burgundiae (text figs. 36, 44) Cotteau, 1871, Pal. franc., Jur. 


One of the specimens figured herein was among the four specimens 
labeled “types” in the Cotteau Collection at the Ecole National 
Supérieure des Mines, Paris. 


Clitopygus Pomel, 1883. Op. cit. p. 58. Type species Echinobrissus lorioli 
(text fig. 40) Cotteau, 1871, Pal. franc., Jur., by subsequent designation, 
Lambert (1808, p. 468). 

Cluniculus Pomel, 1883. Op. cit., p. 57. Type species herein designated, Nucleo- 
lites gracilis (pl. 6, figs. 5, 6; text fig. 38) L. Agassiz, 1840b. 


I found the holotype of this species in the Museum of Compara- 
tive Zoology, Harvard. Its location has been unknown for many 
years. hl ae 


Holcoepygus Pomel, 1883. Op. cit., p. 58. Type species herein designated, 
Nucleolites elongatus (pl. 6, fig. 7; text fig. 46) L. Agassiz, 1840b. 

Lophopygus Pomel, 1883. Op cit., p. 57. Type species by monotypy, Nucleolites 
cordatus Goldfuss, 1826. 

Notopygus Pomel, 1883. Op. cit., p. 58. Type species herein designated, Nucleo- 
lites amplus (pl. 6, fig. 8, text fig. 42) L. Agassiz, in Agassiz and Desor 
(1847). 

Taphropygus Pomel, 1883. Op. cit., p. 59. Type species herein designated 
Nucleolites subquadratus (pl. 6, fig. 9; text fig. 48) L. Agassiz, 1839. Both 
Lambert and Thiéry (1921, p. 348) and Mortensen (1948, p. 146) considered 
Taphropygus a synonym of Clypeopygus, but the test in N. suwbquadratus is 
too inflated and the petals too narrow for Clypeopygus. 


64 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


Thigopygus Pomel, 1833. Op. cit., p. 59. Type species herein designated, Echino- 
brissus humilis Gauthier. 


Remarks.—Most authors have considered the above genera of 
Pomel’s as synonyms of Nucleolites. They are distinguished from 
each other and Nucleolites on slight differences in shape, position of 
the periproct, and length of the anal groove. These differences are 
often variable within a single species and certainly are not of generic 
importance. The phyllodes and petals are very similar in all these 
“genera.” I have seen specimens of all the type species except 
Thigopygus, but do not believe that a redescription of these species 
is justified since they are all so similar to each other. However, since 
photographs have never been published of most of these species, nor 
drawings of their phyllodes, I have included them herein. 


? Synonym of NUCLEOLITES 

Heteronucleus Lambert, 1911b. Ann. Univ. Lyon, ser. 1, vol. 30, p. 184. Type 

species by original designation, Heteronucleus peroni Lambert. 

Remarks.—Lambert erected this genus because he thought that 
ambulacrum III was not petaloid in the type species. In all other 
respects, he considered it similar to Clitopygus (herein considered a 
synonym of Nucleolites). In his brief description of the holotype, 
and only specimen of this species, he stated that the pores were 
microscopic in ambulacrum III. I have studied this specimen and 
have found that ambulacrum III was petaloid originally, but owing 
to the poor preservation of the anterior area of the holotype, most 
of this petal is missing. Three plates are present near the apical 
system in ambulacrum III, and their pores are just as large as those 
in the other petals. Since Lambert’s description is very brief, and 
the species has never been figured, I include below a description and 
illustrations of the holotype. According to Lambert, the holotype is 
from the Senonian, but I suspect from the worn appearance of the 
specimen and the many primitive features that ally it with Nucleo- 
lites, that it is reworked from older strata. 


DESCRIPTION OF TYPE SPECIES 


HETERONUCLEUS PERONI Lambert 
Plate 44, figures 9-12 


Heteronucleus peroni Lambert, op. cit., p. 184 (footnote). 


Material.—Only one specimen, the holotype, is known. This speci- 
men is finely fractured with the test broken or worn away in many 
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places, particularly marginally and in the right anterior portion of 
the adapical surface. The peristome is covered with matrix. 
Shape.—Small, holotype only 19 mm. long, probably an immature 
specimen, oblong, low, with greatest height anterior to center. 
Apical system.—Anterior, tetrabasal, oculars large, posterior ocu- 
lars in contact with each other ; madreporite large ; four genital pores. 
Ambulacra.—Petals broad, open, approximately equal in length, 
petals II, III, and IV extending almost to margin, petals I and V 
extending two-thirds distance to margin. Interporiferous zones broad, 
almost twice width of poriferous zones. Pores conjugate, outer pore 
slitlike, inner round or slightly elongated transversely. 
Periproct—Supramarginal, approximately two-thirds distance from 
apical system to posterior margin, longitudinal, in slight groove. 
Peristome.—Covered with matrix. 
Floscelle—Covered with matrix but phyllodes probably double 
pored as typical in Nucleolites. 
Occurrence—? Upper Cretaceous (Senonian) at Djelfa, Algeria. 
Location of type specimen.—Holotype in Lambert Collection at 
the Sorbonne, Paris. 


Genus PSEUDOSORELLA Etallon 


Pseudosorella Etallon, 1859. Mem. Soc. Emulation de Montbéliard, vol. 3, 
(1858), pp. 415-416. Type species by monotypy, Desoria orbignyana Cotteau. 
Cotteau (1862) and all subsequent authors have used the spelling “Pseudo- 
desorella” for this genus. Etallon’s spelling of the word is evidently not a 
typographic error since he spells it Psewdosorella in both instances in which 
the name is used. He combined “pseudo” and “desorella” and presumably 
dropped the “de” for simplicity. This original spelling must be used. 

Synonym: Neoclypeus De Loriol. 


GENERIC DESCRIPTION 


Medium to large, broad, inflated, with rounded margin, adorally 
ambulacra depressed ; apical system central to slightly anterior, tetra- 
basal; petals broad, long, extending almost to margin, with wide 
interporiferous zones, narrow poriferous zones, open or with slight 
tendency to close distally, pores conjugate, outer pore elongated into 
slit, inner round; all ambulacral plates double pored ; periproct supra- 
marginal, in contact with apical system, in deep groove extending 
from apical system to margin; peristome central or slightly anterior, 
pentagonal, wider than high; bourrelets present; phyllodes well de- 
veloped, slightly broadened, double pored, with many pore pairs in 
two series in each half-ambulacrum; no buccal pores. 


66 


‘. 
e. ° 
*e 
° 
’ 
- 
e Hy is 
'. . 
° 
. 
. 
° 
. 
° 
ee % 
"e 
®e a 
%e 
Z % 


50 


e 
e 
e 

e 
se 

° 

. 
e 
e 
. 
e 

e e 
e . 

Ls ° 
Ary e 
° e 

s e 
e 

e e id 
e e 

e e 

° 
e 
e 
e 


54 


SMITHSONIAN MISCELLANEOUS COLLECTIONS 


% 
e > 
“ 
° 
é eo 
° 
*, e 
e 
. e 
* 
+ ~ 
. s 
~ 
s 
“s 3 %, ~ e 
. ad 
*, “s Cf . 
‘e B e 
= Ce o e 
- Cc e 
A Te bd e ® 
“s ° Ce ro .* 
. <- * . 
“ A % e - e 
. 2 
es ° ia) > 2 ? 
: c f ob 
%e A «e é 
orp a ° 
% a £ «2 
rr) 
A 
IC : 
i ° vault 
aaa 
e 
e 
e 
. 
e 
e 
e 
° 
s 
. e Pd 
ts 
° Fd 
s e 
on e 4 s 
e S 0 
on or * e 4 
ae A e e 
. 
fe O . G ne 
oa ° - a 
ue e é e = 
6 s es ° ¢ 
oe? e . e 
° We e @ Od 
e 
i e, . . Ke 
er e e ° = o 
th e e e 
e. 


(See legend on opposite page.) 


VOL. 


° 
e 
e 
. 
e 
e 
. 
e 
° 
oie 
. 
« 
e 
. e 
. . 
e 
. e 
e . 
e 
e e 
e 
. 
e. 
©. 
. 
a 
. 
x 


144 


° 
. 
. 
° 
e 
. 
* 
e 
. 
e e. 
« 
° 
« 
. . 
e 
. 
. 
O) . 
L} : 
e 
. 
« e 
ee 
ae 
7 
4 
é 
4 
é 
’ 
‘ 


NO. 3 CASSIDULOID ECHINOIDS—KIER 67 


Comparison with other genera.—Pseudosorella is very distinct 
from any other genus. Its phyllodes and position of periproct are 
similar to those of Nucleolites, but its shape and its petals easily 
distinguish it. Its periproct is similar to Clypeus, but its petals are 
very different, having very narrow poriferous zones, and its test is 
much higher. 

Range and distribution —Jurassic (Rauracian) of France, Switzer- 
land, and Syria. The age of the Syrian species is not certain but is 
presumed to be Rauracian. 


DESCRIPTION OF TYPE SPECIES 


PSEUDOSORELLA ORBIGNYANA (Cotteau) 
Plate 9, figure 13; plate 10, figures 1, 2; text figure 50 


Desoria orbignyana Cotteau, 1855. Ech. foss., L’Yonne, vol. 1, D227, pleas, 

figs. Q-II. 

Material—One specimen studied in the Muséum National d’His- 
toire Naturelle and a second in the cole National Superiéure des 
Mines in Paris. This latter specimen is Cotteau’s (1872, pl. 84, Pal. 
franc., Jur.) figured specimen. 

Shape.—Medium size, very broad, inflated with rounded margin, 
greatest height posterior to center; adorally, ambulacra depressed, 
interambulacra inflated. 

Apical system.—Central, tetrabasal. 

Ambulacra.—Petals broad, long, almost extending to ambitus; 
open; paired petals straight or with distal portions slightly curved 
posteriorly ; interporiferous zones very wide, poriferous zones nar- 
row; with width of poriferous zones decreasing distally; pores 
strongly conjugate, outer pore slitlike, inner pore round. 


Fics. 50-57.—50, Pseudosorella orbignyana (Cotteau): Phyllode of ambu- 
lacrum II from specimen in Muséum National d’Histoire Naturelle, Paris, from 
the Corallian at Valfin (Jura), France, «7. 51, Pseudosorella syriaca (De 
Loriol) : Phyllode from ambulacrum V of lectotype in Muséum d’Histoire Na- 
turelle, Genéve, Switzerland, from the Jurassic at Mar-Abda at the bottom 
of the Ghazir Valley, Syria, & 15. 52, Clypeopygus paultrei (Cotteau) : Phyl- 
lode of ambulacrum II of specimen in Lambert Collection, Sorbonne, Paris, from 
the Lower Cretaceous (Neocomian), at Marolles, & 10. 53, Catopygus fenestra- 
tus Agassiz: Phyllode of ambulacrum I of USNM 131271, from Upper Creta- 
ceous (Maestrichtian) at Ciply (near Mons), Lienard Quarry, Belgium, X 15. 
54, Catopygus muississippiensis Cooke: Phyllode of ambulacrum I of holotype, 
USNM 108370, from Upper Cretaceous (Maestrichtian), from bed of a branch 
stream near Mobile and Ohio Railroad tracks about 5 miles northeast of Houston, 
Miss. 55-57, Catopygus carinatus (Goldfuss) : 55, Phyllode of ambulacrum V 
of USNM 131277, from the Cretaceous (Cenomanian) at Saint Didier des Bois 
(Eure), France, X15; 56, apical system of same specimen, X 20; 57, adoral 
view of interambulacra 4, 5, showing plate arrangement of same, X 3. 
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Periproct—Supramarginal, in contact with apical system, elongate 
longitudinally, in deep groove extending from apical system to 
margin. 

Peristome.—Central or slightly anterior of center, wider than high, 
pentagonal. 

Floscelle——Bourrelets present; phyllodes well developed, slightly 
broadened, long, double pored (text fig. 50), with approximately 
I5 pore pairs in each outer series, 8 to Io in inner series; no buccal 
pores. 

Tuberculation—Adorally tubercles approximately same as adapi- 
cally. 

Occurrence.—Jurassic (Rauracian) at Andryes, Mery-sur-Yonne ; 
Saint-Martin sur Armancon. Yonne, and Valfin, Jura, France. 

Location of type specimen.—Not known. 


Synonym of PSEUDOSORELLA 


Neoclypeus De Loriol, 1901. Notes pour servir a l’étude des échinodermes, 
vol. 9, pp. 33-34. Type species by monotypy, Neoclypeus syriacus de Loriol. 


DESCRIPTION OF TYPE SPECIES 


PSEUDOSORELLA SYRIACA (De Loriol) 
Plate 10, figures 3-4; text figure 51 


Neoclypeus syriacus De Loriol, op. cit., pp. 34, 35, pl. 2, fig. 27. 


Material—There are two specimens of this species in the De Loriol 
Collection. One of them, the specimen figured by De Loriol, is herein 
designated as the lectotype and figured on my plate Io, figures 3, 4. 
Although fractured, this specimen and the second specimen show 
most of the features of the species except for the apical system. 

Shape.—Medium size, broad, margin rounded, of medium height ; 
adorally, ambulacra depressed, interambulacra slightly inflated. 

Apical system.—Central, or slightly anterior, further details not 
visible, but from age presumably tetrabasal. 

Ambulacra.—Petals broad, straight, long, extending almost to 
margin, open, with slight tendency to close distally ; interporiferous 
zones very wide, poriferous zones narrow, with width of poriferous 
zones decreasing distally; pores strongly conjugate, outer pore slit- 
like, inner pore round. 

Periproct—Supramarginal, in contact with apical system, elongate 
longitudinally, in deep groove extending from apical system to 
margin. 
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Peristome.—Slightly anterior, pentagonal, wider than high. 

Floscelle-—Bourrelets present ; phyllodes slightly broadened, double 
pored, with 8 to 10 pore pairs in each outer series, 5 to 7 in each 
inner series in each half-ambulacrum (text fig. 51) ; no buccal pores. 

Occurrence.—Jurassic, Mar-Abda, at the bottom of the Ghazir 
Valley, Syria. De Loriol considered this species Cenomanian because 
of its association with radioles he thought to be of that age. Accord- 
ing to Lambert and Thiéry (1921, p. 343, footnote) these radioles 
were misidentified, and all the other species described by De Loriol 
from Mar-Abda belong to genera essentially Jurassic. 

Location of type species—The lectotype and one paratype are in 
the De Loriol Collection at the Muséum d'Histoire Naturelle at 
Genéve, Switzerland. 

Remarks.—\Lambert and Thiéry (1921, p. 343) and Mortensen 
(1948, p. 131) considered Neoclypeus a synonym of Pseudosorella. 
Its type species is very similar to the type species of Pseudosorella 
and certainly congeneric with it. Both have broad tests, with long 
petals, conjugate pores, periproct in contact with the apical system 
and in a deep groove extending to the margin. Their floscelles are 
very similar, with bourrelets, and with phyllodes with two series of 
pore pairs in each half-ambulacrum. 

De Loriol states that the pores in the phyllodes are arranged in 
two simple series. Mortensen (1948, p. 132) quoted this statement 
and suggested that in this character P. syrica recalls Galeroclypeus. 
However, the phyllodes are well developed in P. syrica, with many 
pore pairs arranged in two series in each half-ambulacrum, whereas 
there are no phyllodes in Galeroclypeus. 


Genus CLYPEOPYGUS d’Orbigny 


Clypeopygus d’Orbigny, 1856. Pal. franc., Crétacé, vol. 6, p. 201. Type species, 
Clypeus paultrei Cotteau by subsequent designation, d’Orbigny, 1858, op. cit., 


p. 422. 
GENERIC DESCRIPTION 


Medium size, elongate, flat, greatest width posterior to center, 
adapical surface flattened, adoral depressed ; apical system tetrabasal, 
anterior ; petals equal, broad, open, outer pore elongated transversely, 
all ambulacral plates double pored; periproct supramarginal, with 
deep triangular groove extending from periproct to posterior margin ; 
peristome anterior, pentagonal, width equal to height ; bourrelets well 
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developed, phyllodes double pored, broad, with two series of pore 
pairs in each half-ambulacrum; no buccal pores. 

Comparison with other genera—Duncan (1891, p. 188) consid- 
ered Clypeopygus as only a subgenus of Clypeus, differing from it 
in having a more anteriorly eccentric apical system, and narrower 
poriferous zones. However, Clypeopygus is a more advanced form 
than Clypeus and certainly not a subgenus of it. The phyllodes of 
Clypeopygus are broad with only two series of pore pairs with few 
pore pairs in each, as opposed to the long, not widened phyllodes of 
Clypeus with three series of pore pairs in each half-ambulacrum. 
Furthermore, the peristome in Clypeopygus is very eccentric an- 
teriorly, whereas in C/ypeus it is central or only slightly anterior. 

Lambert and Thiéry (1921, p. 349) consider Petalobrissus a sub- 
genus of Clypeopygus. As Clypeopygus has double pores in its 
phyllodes and no buccal pores, it must be considered generically 
distinct from the more advanced Petalobrissus which has single pores 
in its phyllodes and buccal pores. Lambert and Thiéry were not 
aware of these differences. In addition to these differences, Clype- 
opygus is much more depressed than Petalobrissus. 

Clypeopygus is most similar to Nucleolites, both genera having 
similar petals, phyllodes, and periproct. They differ only in that the 
test is more depressed in Clypeopygus. 

Lambert and Thiéry refer many species to this genus. As I have 
discussed on page 120, few of the post-Cenomanian species, perhaps 
none of them, belong to this genus. Among the pre-Cenomanian and 
Cenomanian species, Clark’s Echinobrissus angustatus has single- 
pored phyllodes with very few pores, buccal pores, slightly developed 
phyllodes, and a high test, and is herein referred to Nucleopygus 
(see p. 167). Nucleolites subquadratus Agassiz is too inflated for 
Clypeopygus, and should be referred to Nucleolites (see p. 63). 

Weisbord (1934, p. 32) provisionally referred an Upper Creta- 
ceous species to Clypeopygus, C. habanensis. I believe, however, that 
this species should be referred to Hardouinia. I have studied his 
holotype and found single-pored phyllodes. The shape of the test, 
and location and shape of the periproct is very similar to Hardouinia. 
Of even greater significance, its genital plates are greatly elongated, 
extending between the petals, a character typical in Hardouinia. 

Range and distribution—Cretaceous (Neocomian-Cenomanian) 
of Europe and Africa, 
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DESCRIPTION OF TYPE SPECIES 
CLYPEOPYGUS PAULTREI (Cotteau) 
Plate 13, figure 9; text figure 52 


Clypeus paultrei Cotteau, 1851. Bull. Soc. Sci. Hist. Nat. Yonne, vol. 5, p. 201. 


Material—I was able to find only one specimen of this species in 
Europe, and that one was in the Lambert Collection at the Sorbonne, 
Paris. Unfortunately, this specimen is not well preserved. 

Shape.—Medium size (Cotteau’s, 1859, pl. 57, figs. 8-11, figured 
specimen 55 mm. long), very depressed with adapical surface flat- 
tened, adoral depressed; marginal outline elongate, slight anterior 
notch, greatest width posterior to center. 

Apical system.—Anterior, tetrabasal, posterior genital plates not 
in contact, separated by genital 2. 

Ambulacra—Petals broad, equal, flush, straight, open or with 
very slight tendency to close distally. Poriferous zones tapering 
distally, pores conjugate, outer pore elongated transversely, slitlike ; 
inner pore round. 

Periproct—Supramarginal, in triangular notch with flat floor 
extending to posterior margin; periproct opening between one-half 
and two-thirds distance from apical system to posterior margin. 

Peristome.—Anterior, pentagonal, width equal to height, depressed. 

Floscelle-—Bourrelets strongly developed, inflated ; phyllodes broad, 
double pored (text fig. 52), with pore pairs arranged in two series 
in each half-ambulacrum, looplike in arrangement, approximately 
IO pore pairs in each outer series, 5 in each inner; no buccal pores. 

Occurrence.—Lower Cretaceous (Neocomian), Saint-Sauveur, 
Marolles, Yonne, France. 

Location of type specimen.—According to Cotteau (1859, p. 94), 
the type specimen was in his collection in the Ecole des Mines, Paris. 


Genus CATOPYGUS L. Agassiz 


Catopygus L. Agassiz, 1836b. Prod. monogr. radiaires, p. 185. Type species by 
subsequent designation, Cotteau, 1869, Pal. franc., Jur., p. 121, Nucleolites 
carinatus Goldfuss, 1826. 

Synonym: Penesticta Pomel. 


GENERIC DESCRIPTION 


Small, oval, highly inflated adapically, usually with slightly pointed 
posterior margin; flat or slightly convex adorally; apical system 
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anterior, tetrabasal, three or four genital pores; petals equal, flush, 
open or slightly closing distally, pores usually conjugate, all ambu- 
lacral plates double pored; periproct marginal, longitudinal, not 
visible dorsally; peristome anterior, higher than wide, pentagonal; 
bourrelets well developed, phyllodes broad, double pored, with pore 
pairs in two series in each half-ambulacrum, inner or lower pore of 
a pore pair usually smaller than other pore; no buccal pores. 

Comparison with other genera.—Catapygus is very similar to 
Phyllobrissus (see p. 76 for discussion of their similarities and 
differences). It strongly resembles Pygaulus in shape, petal arrange- 
ment, and position and shape of periproct, but differs in having a 
pentagonal peristome and a well-developed floscelle with wide phyl- 
lodes and well-developed bourrelets. 

Remarks.—As the phyllodes have been illustrated in very few 
species of this genus, I include a drawing of the phyllodes of 
Catopygus fenestratus Agassiz (text fig. 53) and Catopygus missis- 
sippiensis Cooke (text fig. 54). 

Range and distribution.—Jurassic to Cretaceous (Kimmeridgian 
to Senonian) of worldwide distribution. Lambert and Thiéry (1921, 
Pp. 353) list two post-Mesozoic species: Catopygus recens A. Agassiz, 
and Catopygus cajonensis Kew. I have studied the type specimens 
of both Kew’s C. californicus and C. cajonensis. They are both 
internal molds, and from their shape and the anterior location of 
their peristomes, they appear to be spatangoids and certainly not 
Catopygus. Kew referred both species only provisionally to Catopy- 
gus. Catopygus recens is a Studeria. 


DESCRIPTION OF TYPE SPECIES 


CATOPYGUS CARINATUS (Goldfuss) 
Plate 10, figures 5-8; text figures 55-57 


Nucleolites carinatus Goldfuss, 1826. Petrefacta Germaniae, p. 142, pl. 43, fig. II. 


Material—Over 60 specimens studied in the U. S. National Mu- 
seum. 

Shape.—Small, elongate, inflated, with posterior margin pointed 
at periproct, greatest height at apical system or slightly posterior to 
it, greatest width posterior to center; adoral surface flattened or 
slightly convex. 

Apical system.—Anterior, tetrabasal (text fig. 56), four genital 
pores, pore of genital 3 at greater distance from other pores; posterior 
genital plates not in contact, separated by genital 2. 
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Ambulacra.—Petals broad, flush, extending over two-thirds dis- 
tance to margin; open or with slight tendency to close. Interporifer- 
ous zones twice width poriferous zones; poriferous zones narrow, 
tapering distally ; pores conjugate, outer pore elongated transversely, 
inner round. 

Adoral interambulacra——Plate arrangement of interambulacrum 5 
similar to other areas (text fig. 57), single plate at peristome, pre- 
ceded by alternating plates. 

Periproct—High on margin, surrounding area slightly inflated, 
opening longitudinal, not visible dorsally. 

Peristome.—Anterior, pentagonal, higher than wide, flush with test. 

Floscelle—Bourrelets well developed, inflated with steep vertical 
sides, phyllodes broadened (text fig. 55), double pored, outer pore 
more than twice size of inner pore; Io to II pore pairs in each outer 
series, 4 to 5 in each inner series; no buccal pores. 

Tuberculation.—Adoral tubercles same size as adapical. 

Occurrence.—Cenomanian of France and Germany. 

Location of type specimen.—Not known. 


Synonym of CATOPYGUS 


Penesticta Pomel, 1883. Class. méth., p. 64. Type species by monotypy, 
Oolopygus bargesii d’Orbigny, 1856. 


DESCRIPTION OF TYPE SPECIES 
CATOPYGUS BARGESII (d’Orbigny) 
Plate 11, figures 1-3; text figures 58, 590 


Oolopygus bargesii d’Orbigny, 1856. Pal. franc., Crétacé, vol. 6, atlas, pl. 976. 


Material—Two specimens were seen in the d’Orbigny Collection, 
Muséum National d’Histoire Naturelle, Paris; two in the Lambert 
Collection at the Sorbonne, Paris, and three in the De Loriol Collec- 
tion in the Muséum d’Histoire, Naturelle, Genéve, Switzerland. All 
these specimens were topotypic. None of the specimens are well 
preserved, being badly weathered or partially covered with matrix. 

Shape.—Small, approximately 25 mm. long, elongate with greatest 
width posterior to center, highly inflated with greatest height posterior 
to center, steep sides; adoral surface flattened. 

Apical system.—Anterior, tetrabasal, three genital pores, no pore 
in genital 2 (text fig. 58); posterior genital plates in contact with 
each other. 

Ambulacra.—Petals slightly developed, pores in petals small, only 
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Fics, 58-63.—58, 59, Catopygus bargesiti (d’Orbigny): 58, Apical system, partially preserved 
with genital pores greatly enlarged by weathering from specimen in the Muséum Nationa 
d'Histoire Naturelle, Paris, from the Cretaceous (Cenomanian) at Cassis, France, X 20; 59) 
phyllode of ambulacrum V of specimen in Lambert Collection, Sorbonne, Paris, from the 
Cretaceous (Cenomanian) at La Badoule, France, * 15. 60, 61, Phyllobrissus gresslyi (Agas- 
siz) : 60, Apical system of USNM 131275, from the Lower Cretaceous (Neocomian), at Auxerre 
(Yonne), France, * 15; 61, phyllode of ambulacrum IV of same specimen, XX 15. 62, Phyl- 
lobrissus cerceleti (Desor): Phyllode of ambulacrum II of Lambert’s (1802, pl. 4, fig. 18) 
figured specimen in the Muséum National d’Histoire Naturelle, Paris, from the Lower Creta- 
ceous (Aptian) at Grandpré (Ardennes), France, & 10. 63, Pygaulus morloti Desor: Phyl- 
lode of ambulacrum V of De Loriol’s (1873, pl. 17, figs. 1, 3) figured specimen in the De Lorio 
Collection at the Muséum d’Histoire Naturelle, Genéve, Switzerland, from the Lower Creta-| 
ceous (Neocomian) at La Russille, near Orbe, Switzerland, x 10. 
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slightly larger than pores in plates beyond petals, details of pores 
not clear on specimens studied, but according to d’Orbigny’s figures 
pores conjugate, slightly elongated transversely. 

Periproct.—Marginal, longitudinal, with slight groove extending 
from periproct to adoral surface. 

Peristome.—Anterior, higher than wide, pentagonal. 

Floscelle—Bourrelets well developed, inflated; phyllodes broad, 
double pored, two series of pore pairs in each half-ambulacrum, 
9 or 10 in each outer series, 4 or 5 in each inner (text fig. 59) ; inner 
pore of each pore pair greatly reduced in size; no buccal pores. 

Occurrence.—Cretaceous (Cenomanian), Bedoule, near Cassis, 
France. 

Location of type spectmen.—According to Cotteau (1860, p. 457) 
the holotype is in the collection of M. Barges. 

Remarks.—Because of the great similarity of C. bargesit to the 
type species of Catopygus, C. carinatus, Penesticta is herein con- 
sidered a junior subjective synonym of Catopygus. Both species 
are strikingly similar in shape and size, and have almost identical 
phyllodes with approximately the same number of pore pairs in 
each series, and in both species the inner pore is much smaller than 
the outer. They differ in that the petaloid pores are similar to each 
other in C. bargesti, whereas in C. carinatus the outer is elongated. 
Also, there are only three genital pores in C. bargesu, but four in 
C. carinatus. 

Most authors including Mortensen (1948, p. 160) and Lambert 
and Thiéry (1921, p. 354) have considered Penesticta as a synonym 
of Oolopygus. They were not aware that C. barges has double- 
pored phyllodes, whereas the type species of Oolopygus, O. gracilis, 
has single pores in its phyllodes. 

According to d’Orbigny’s figures and Cotteau’s description, there 
is a small pore in genital plate 2. On all the specimens I have seen, 
there is no pore in this genital plate. 


Genus PHYLLOBRISSUS Cotteau 


Phyllobrissus Cotteau, 1859. Ech. foss., L’Yonne, vol. 2, p. 81. Type species, 
Catopygus gresslyi L. Agassiz, 1839, by subsequent designation, Cotteau, 1860 
(Pal. franc., Crét.), p. 553. 

Synonyms: Anthobrissus Pomel; Asterobrissus De Loriol. 


GENERIC DESCRIPTION 


Small, inflated, slightly angular marginal outline, with slightly 
truncated posterior margin, adoral surface flat or somewhat depressed, 
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greatest width and height often posterior to center; apical system 
anterior, tetrabasal, four genital pores; petals of approximately equal 
length, flush, open, or with slight tendency to close, with outer pore 
of pore pair more elongate than inner, all ambulacral plates double 
pored; periproct supramarginal or almost marginal, always at least 
slightly visible from above; often with groove extending from lower 
edge of periproct opening to adoral edge of test; peristome anterior, 
pentagonal, slightly higher than wide; bourrelets fairly well devel- 
oped; phyllodes slightly broadened, with two series of double pores 
in each half-ambulacrum, approximately eight in each outer series, 
five in each inner; pore of each pair often reduced in size; no 
buccal pores. 

Comparison with other genera.—Phyllobrissus is very similar to 
Catopygus, and it is difficult to decide whether or not this genus 
should be maintained. Lambert (1902, p. 15) and Mortensen (1948, 
p. 167) suggested that Phyllobrissus might be considered as a sub- 
genus of Catopygus. Their type species are very similar in general 
appearance. Both have the same petal arrangement, strikingly similar 
phyllodes, with two series of pore pairs in each half-ambulacrum, 
and with the inner pore of each pair greatly reduced in size. They 
differ in that P. gresslyi is slightly broader, with a more depressed 
adapical surface, and an obliquely truncated posterior margin expos- 
ing the periproct adapically. In C. carinatus the posterior margin is 
pointed, and the periproct is not visible from above. Although these 
differences may be sufficient to distinguish generically these two 
species, there are some species which have some of the characters 
of both these species, and it is difficult to decide to which of the two 
genera to assign them. 

Phyllobrissus is also very similar to Nucleolites, with both genera 
having narrow, straight, open petals, and very similar phyllodes. 
Phyllobrissus differs in having a more elongate test, more developed 
bourrelets, and a more marginal periproct. 

Remarks.—Cooke (1953, p. 17, and 1955, p. 97) refers to Phyllo- 
brissus two American species, Petalobrissus cubensis (Weisbord) 
and Nucleopygus angustatus (Clark). I do not agree with this 
assignment. Petalobrissus cubensis has a much more developed 
floscelle with single-pored phyllodes (text fig. 106) and buccal pores, 
as opposed to the double-pored phyllodes and lack of buccal pores 
in Phyllobrissus. Furthermore, the apical system in Petalobrissus 
cubensis is monobasal, whereas it is tetrabasal in Phyllobrissus. 
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N. angustatus has single-pored phyllodes and buccal pores, and 
therefore should not be referred to Phyllobrissus. 

Range and distribution—Upper Jurassic to Upper Cretaceous 
(Kimmeridgian to Senonian) of Europe, India, and United States. 


DESCRIPTION OF TYPE SPECIES 
PHYLLOBRISSUS GRESSLYI (L. Agassiz) 
Plate 11, figures 4, 5; text figures 60, 61 


Catopygus gresslyi L. Agassiz, 1839, Ech. foss. Suisse, pt. 1, p. 40, pl. 8, figs. 1-3. 


Material—tThree specimens studied in the Lambert Collection, 
Sorbonne, one in the d’Orbigny Collection in the Muséum National 
d’Histoire Naturelle, Paris, and one in the collections at the U. S. 
National Museum. 

Shape.—Small, elongate, slightly angular marginal outline, greatest 
width and height posterior to center, posterior margin slightly trun- 
cated obliquely with surface visible adapically, adoral surface flat to 
slightly depressed. 

Apical system.—Anterior, four genital pores, tetrabasal (text 
fig. 60), posterior genital plates in contact. 

Ambulacra.—Petals narrow, equal length, open, with only slight 
tendency to close; petals II, III, and IV extending almost to margin, 
petals V and I over one-half distance to margin ; interporiferous zones 
twice width of poriferous zones; pores slightly conjugate, outer pore 
elongated obliquely to round inner pore. 

Periproct.—Supramarginal, but near margin, longitudinal, with 
groove extending from opening to ventral edge of test. 

Peristome.—Anterior, pentagonal slightly higher than wide, slightly 
depressed. 

Floscelle——Bourrelets slightly developed; phyllodes double pored 
(text fig. 61), with two series of pore pairs in each half-ambulacrum: 
seven to nine pore pairs in each outer series, four to six in inner 
series; inner or lower pore of each pore pair much smaller than 
other pore. 

Occurrence.—Neocomian of France and Switzerland. 

Location of type specimen.—Unknown. 


Synonym of PHYLLOBRISSUS 


Anthobrissus Pomel, 1883. Class. méth. p. 60. Type species by subsequent 
designation, Mortensen (1948, p. 167), Nucleolites cerceleti Desor in Agassiz 
and Desor (1847, p. 155). 
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Remarks.—I have studied three specimens of the type species in 
the Lambert Collection at the Sorbonne, Paris. One of these speci- 
mens was figured by Lambert. His description of this species (1892, 
p. 84-89) is so thorough and accurate that it is not necessary to 
redescribe it here. I include photographs (pl. 11, figs. 6, 7) and a 
drawing of a phyllode (text fig. 62) of his specimen. 

Duncan (1891, p. 187), Lamber and Thiéry (1921, p. 350), 
Mortensen (1948, p. 165, 167), and Cooke (1953, p. 17) have 
considered Anthobrissus a synonym of Phyllobrissus. Although it 
differs from the type species of Phyllobrissus in being more elongate, 
having slightly narrower petals, and in having its periproct more 
anterior, these differences do not seem of sufficient importance to 
warrant generic distinction. 


Synonym of PHYLLOBRISSUS 


Asterobrissus De Loriol, 1888. Mém. Soc. Phys. Hist. Nat. Genéve, vol. 30, 
p. 104; pro Trochalia Pomel, 1883. Class. méth., p. 60; non Sharpe, 1850, a 
mollusk. Type species, Echinobrissus requienit Desor (in Agassiz and Desor, 
1847) by subsequent designation, Kier, herein. 

Remarks.—Because of the invalid designation of a type species, 
Lambert, Mortensen, and others have misunderstood this genus. 
Lambert (12 Demoly and Lambert, 1913, p. 204) designated Astero- 
brissus fourtaui as the type species of Asterobrissus. However, since 
this species was not included among those referred to Trochalia in 
Pomel’s original description of the genus, or in De Loriol’s description 
of Asterobrissus, it cannot be considered as the type species. Lambert 
stated that when Pomel erected his genus, and included Echinobrissus 
requient Desor among its species, he was not referring to the typical 
E. requieni but to some specimens of another species which had been 
wrongly referred to E. requieni. Lambert named this other species 
Asterobrissus fourtaui and designated it as the type species. Even 
though Pomel may have been referring to these specimens when he 
made his genus, he used the name E. requieni Desor, and it and the 
other species he and De Loriol named are the only ones that can be 
considered in selecting the type species. 

I have not seen any specimens of E. requient, but from a study of 
the illustrations by d’Orbigny (1856, pl. 963, figs. 6-10), it resembles 
closely the type species of Phyllobrissus, P. gresslyi (Agassiz), mak- 
ing Asterobrissus a synonym of Phyllobrissus. Most of the other 
species that Pomel referred to Trochalia should be placed in Petalo- 
brissus. I have studied specimens of Lambert’s Asterobrissus fourtaui, 
and believe that this species is a Phyllobrissus. It is similar to 
P. gresslyi in petal arrangement, tetrabasal apical system, supra- 
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marginal periproct, and in having double-pored phyllodes and no 
buccal pores. It differs mainly in shape, being almost square in 
marginal outline, but this difference is not of sufficient importance to 
justify generic distinction of this species. 


Genus PYGAULUS Agassiz 


Pygaulus L. Agassiz in L. Agassiz and Desor, 1847. Am. Sci. Nat., ser. 3, 
vol. 7, p. 158. Type species by subsequent designation, Cotteau, 1869, Pal. 
franc., Jur., p. 124, Pygaulus desmoulinsii Agassiz. 


GENERIC DESCRIPTION 


Medium size, elongate, sides usually parallel, anterior and posterior 
margins rounded, adapically highly inflated, cylinder shaped, apical 
system anterior, tetrabasal; petals broad, open or slightly closed, 
petal III shorter than others, poriferous zones narrow, tapering 
distally, pores conjugate, interporiferous zones very wide, all am- 
bulacral plates double pored; periproct inframarginal, longitudinal ; 
peristome large, oval or oblique; bourrelets slightly developed; phyl- 
lodes slightly widened or not widened, double pored, pores arranged 
in two series in each half-ambulacrum; no buccal pores; tubercles 
only slightly larger adorally. 

Comparison with other genera.—Pygaulus is very similar to Pygo- 
rhynchus. Species of both genera have similar petals, an oblique 
peristome, phyllodes with approximately the same number of pore 
pairs in each series, and a longitudinal periproct. They are distin- 
guished by the shape of the test and location of the periproct. In 
Pygaulus, the test is generally high, with a smoothly rounded anterior 
and posterior margin, parallel sides, and inframarginal periproct. In 
Pygorhynchus, the test is generally lower, the anterior margin is 
blunted, the posterior pointed, with the sides not parallel but expand- 
ing posteriorly, resulting in the greatest width being posterior to the 
center. The periproct is more marginal in position. These differences 
are not very significant, and there is little doubt that these two genera 
are closely related. 

Pygaulas is also very similar to Plagiochasma, having an almost 
identical petal arrangement, peristome, and floscelle, but differing 
in having an inframarginal instead of supramarginal periproct, and a 
more cylindrical test. 

Remarks.—I have included (text fig. 63) a drawing of a phyllode 
of Pygaulus morloti Desor. The specimen illustrated was figured by 
De Loriol (1873, pl. 17, figs. I, 3) and is in his collection at the 
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Muséum d’Histoire Naturelle, Geneve. De Loriol referred this 
species to Botriopygus=Pygorhynchus, but Lambert and Thiéry 
(1921, p. 339) placed it in Pygaulus. In its lower test, this species 
resembles Pygorhynchus, but its sides are parallel, both posterior and 
anterior margins are rounded, and its periproct is inframarginal—all 
characters of Pygaulus. 

Included also are photographs (pl. 11, figs. 8, 9) of the holotype 
of Pygaulus couzensis Demoly and Lambert (1913, p. 201). This 
specimen is in the Lambert Collection at the Sorbonne, Paris. 

Range and distribution —Cretaceous (Neocomian to Cenomanian) 
of Europe. 


DESCRIPTION OF TYPE SPECIES 


PYGAULUS DESMOULINSII Agassiz 
Plate 11, figures 10-12; text figures 64, 65 
Pygaulus desmoulinsii L. Agassiz in L. Agassiz and Desor, 1847. Ann. Sci. 
Nat., ser. 3, vol. 7, p. 158. 
Material.—Eight specimens studied in the collections of the U. S. 
National Museum; two in the Lambert Collection, Sorbonne, Paris. 
Shape-—Medium size, elongate, with almost straight sides, cylin- 
drical shaped, adorally highly inflated, in some specimens slightly 


64 


Fics. 64, 65.—Pygaulus desmoulinsii Agassiz: 64, Phyllode of specimen in 
Lambert Collection, Sorbonne, Paris, from the Neocomian, 10; 65, apical sys- 
tem of USNM 131250, from the Barremian at Lussan, X15. 
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higher posteriorly ; margins evenly rounded, adorally slightly flattened 
around peristome. 

Apical system.—Anterior, tetrabasal (text fig. 65), genital 2 large, 
extending posteriorly, separating posterior genital plates; other geni- 
tal plates small. 

Ambulacra.—Petals broad, open, petal III shorter than others, all 
extending over two-thirds distance from apical system to margin; 
interporiferous zones very wide, over twice width of poriferous 
zones, expanding distally; poriferous zones narrow, tapering distally, 
pores conjugate, outer elongate transversely, inner round; pore pairs 
in plates beyond petals. 

Adoral interambulacra.—Plates regularly alternating, double series 
continuing to peristome. 

Periproct—Inframarginal, flush, longitudinal, at end of slight 
posterior prolongation. 

Floscelle—Bourrelets slightly developed; phyllodes double pored, 
not widened, slightly depressed, two series of pore pairs in each 
half-ambulacrum: five to six pore pairs in each outer series, four 
or five in each inner; in some specimens, alternate pore pairs in outer 
series in plates not extending to midline (text fig. 64) ; most of inner 
pore pairs in occluded plates. 

Tuberculation—Tubercles on adoral surface approximately same 
size as on adapical. 

Occurrence.—Lower Cretaceous (Barremian) of France and 
Switzerland. 

Location of type specitmen.—Not known. 


Genus PYGORHYNCHUS L. Agassiz 


Pygorhynchus L. Agassiz, 1839. Ech. foss. Suisse, pt. 1, pp. 53, 99. Type 
species by subsequent designation, Lambert (1808, p. 162), Catopygus obovatus 
L. Agassiz. 

Synonym: Botriopygus d’Orbigny. 


GENERIC DESCRIPTION 


Medium to large, usually with greatest width posterior to center, 
anterior margin blunt, posterior pointed, low, or in a few species 
moderately inflated; apical system tetrabasal, anterior, four genital 
pores ; petals well developed, broad, slight tendency to close distally, 
narrow poriferous zones with conjugate pores, all ambulacral plates 
double pored; periproct marginal to inframarginal, longitudinal ; 
peristome anterior, depressed, oblique or regular; bourrelets well 
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(See legend on opposite page.) 
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developed, phyllodes double pored, slightly broadened, with two series 
of pore pairs in each half-ambulacrum; 8 to 10 in each outer series, 
3 to 5 in each inner; no buccal pores. 

Comparison with other genera.—Pygorhynchus is very similar 
to Pygaulus, and probably closely related. Both genera have similar 
petals, an oblique peristome, phyllodes with approximately the same 
number of pore pairs in each series, and a longitudinal periproct. 
They differ in that the test in Pygorlynchus is generally lower, the 
anterior margin blunted, posterior pointed, and the sides not parallel 
as in Pygaulus, but diverging posteriorly. The periproct in Pygo- 
rhynchus is usually more marginal. 

Pygorhynchus is also quite similar to Parapygus, from which it 
is distinguished by its double-pored phyllodes and its lack of buccal 
pores; as opposed to the single-pored phyllodes with buccal pores of 
Parapygus. As both these features in Pygorhynchus are more primi- 
tive, and as this genus occurs earlier in the Cretaceous, it is probable 
that Pygorhynchus is an ancestor of Parapygus. 

Remarks.—Cotteau (1890, pp. 55, 50) says that the apical system 
is monobasal in Pygorhynchus. This error is probably due to the 
large central madreporite which gives the apical system the appear- 
ance of being monobasal. 

As the phyllode structure has not been illustrated in most of the 
species of Pygorhynchus, I include a drawing of a phyllode of each 
of the following species: P. minor (Agassiz) (text fig. 66), P. 
cylindricus (Desor) (text fig. 67), P. valdensis (De Loriol) (text 
fig. 68—drawing of the lectotype, herein designated, figured by 


Fics. 66-72.—66, Pygorhynchus minor (Agassiz): Phyllode of ambulacrum I 
of specimen in Ecole National Supérieure des Mines, Paris, from Ste. Croix, 
France, X10. 67, Pygorhynchus cylindricus (Desor): Phyllode of ambula- 
crum I of specimen in Ecole National Supérieure des Mines, Paris, from the 
Lower Cretaceous (Aptian) at Le Bimet, France, X10. 68, Pygorhynchus 
valdensis (De Loriol) : Phyllode of ambulacrum II of De Loriol’s (1873, pl. 16, 
fig. 2) figured specimen and lectotype in the De Loriol Collection, at the Muséum 
d Histoire Naturelle, Geneve, Switzerland, from the Lower Cretaceous (Valin- 
ginian) at Ballaigue (Vaud), Switzerland, X Io. 69, Pygorhynchus subinferus 
(Desor): Phyllode of ambulacrum IV of De Loriol’s (1873, pl. 18, fig. 9) 
figured specimen in the De Loriol Collection at the Muséum d’Histoire Na- 
turelle, Genéve, Switzerland, from the Lower Cretaceous (Valanginian), at 
Ballaigue (Vaud), Switzerland, X 15. 70, Pygorhynchus obovatus (Agassiz) : 
Phyllode of ambulacrum III of specimen in the Lambert Collection, Sorbonne, 
Paris, from the Lower Cretaceous (Neocomian) at Venoy, France, 15. 
71, Pygopistes coquandi (Cotteau) : Phyllode of ambulacrum IIT of the lectotype 
of Pygopistes excentricus (Gauthier), herein considered a synonym of P. co- 
quandi, from the Cretaceous (Cenomanian) at El-Aieicha, Tunisia, in the 
Muséum National d’Histoire Naturelle, Paris, x 15. 72, Hypopygurus gaudryi 
Gauthier: Phyllode of ambulacrum III of lectotype in Muséum National 
d'Histoire Naturelle, Paris, from the Cretaceous (Cenomanian) at Dj Cehela, 
Tunisia, X 5. 
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De Loriol (1873, pl. 16, fig. 2) in the De Loriol Collection at the 
Muséum d’Histoire Naturelle, Geneve, Switzerland), P. subinferus 
(Desor) (text fig. 69). It is interesting to note how similar to each 
other are the phyllodes of these different species. 

Photographs of the adoral surface of P. minor and P. cylindricus, 
are on plate 12. Lambert’s Astrolampas romani should be referred to 
Pgorhynchus as discussed on page 52. 

Sz6rényi (1955a) has described many species which she refers to 
Botriopygus, from the Senonian of Bakony. Unfortunately, she does 
not include drawings of the phyllodes, but from the Senonian age 
of her species, it is probable that they have single-pored phyllodes 
and should be referred to Parapygus. 

Range and distribution—Cretaceous (Neocomian to Albian) of 
Europe, North Africa, and the Americas. 


DESCRIPTION OF TYPE SPECIES 


PYGORHYNCHUS OBOVATUS (L. Agassiz) 
Plate 12, figures 1-5; text figure 70 


Catopygus obovatus L. Agassiz, 1836a. Mém. Soc. Sci. Nat. Neuchatel, vol. 1, 
p. 136. 


Material—The type specimens were believed lost according to 
Lambert and Jeannet (1928, p. 164), but I found them in the echi- 
noid collections in the Museum of Comparative Zoology, Harvard. 
They are from the type locality, Mormont pres La Sarraz, and were 
collected by L. Coulon. One of the specimens (herein designated 
the lectotype) is the specimen figured by Agassiz (1839, pl. 8, figs. 
18-20). This figure is greatly restored, showing many details not 
visible on the specimen. Besides the type material, I have studied 
specimens in the Lambert Collection at the Sorbonne, Paris, at the 
d’Orbigny Collection at the Muséum National d’Histoire Naturelle, 
Paris, and material in the U. S. National Museum. 

Shape.—Large (holotype 54 mm. long), low, greatest width pos- 
terior, anterior margin blunt, posterior pointed; depressed around 
peristome. 

Apical system.—Anterior, madreporite large, extending posteriorly 
between posterior genital plates; four genital pores. 

Ambulacra.—Well-developed petals extending almost to margin, 
with tendency to close distally, interporiferous zones wide, at maxi- 
mum nearly twice width of poriferous zones, poriferous zones nar- 
row, pores conjugate, outer pores of pore pairs slitlike, inner slightly 
elongated longitudinally. 
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Periproct.—Inframarginal, higher than wide, in slight adoral 
groove. 

Peristome.—Oblique or regular, anterior. 

Floscelle——Bourrelets well developed ; phyllodes (text fig. 70) with 
double pores, inner pore much smaller than outer on well-preserved 
specimens ; pore pairs arranged in an outer and inner series in each 
half-ambulacrum with approximately Io pore pairs in outer, 6 in 
inner; no buccal pores. 

Occurrence-——Neocomian of France and Switzerland. 

Location of type specimen—Museum of Comparative Zoology, 
Harvard, No. 772. 

Remarks.—There has been considerable controversy over whether 
or not the peristome is oblique or regular in this species. L. Agassiz 
(1839, pl. 8, fig. 19) figured it as regular, but d’Orbigny (1855, 
pl. 929, fig. 6) figured it as oblique. Agassiz had two specimens in 
his type lot, one with a regular peristome (the lectotype), and the 
other with an oblique peristome. It is possible that the shape of the 
peristome is variable within the species. Until a study has been made 
of a large population of this species, it is advisable to include in 
Pygorhynchus specimens with either an oblique or regular peristome. 


Synonym of PYGORHYNCHUS 


Botriopygus d’Orbigny, 1856, Pal. franc., Crétacé, vol. 6, p. 334. Type species 
by subsequent designation, Cotteau, 1869, Pal. franc., Jur., p. 121, Catopygus 
obovatus L. Agassiz. 

Remarks—Botriopygus is a junior, objective synonym of Pygo- 
rhynchus, having the same type species. Lambert and Thiéry (1921, 
p. 353) and Mortensen (1948, p. 143) are mistaken in considering 
Botriopygus cotteauanus d’Orbigny as the type species of Botriopy- 
gus. d’Orbigny did not designate a type species for his genus. Lam- 
bert’s (1898, p. 162) designation of B. cotteauanus as the type species 
of Botriopygus is invalid because Cotteau (1869, Pal. franc., Jur., 
p. 121) had already designated B. obovatus. B. cotteauanus is the 
type species of Parapygus Pomel, 1883. 


Genus PYGOPISTES Pomel 


Pygopistes Pomel, 1883. Class. méth., p. 56. Type species by monotypy, 
Catopygus floridus Coquand (a nomen nudum)=Pygaulus coquandi Cotteau. 


GENERIC DESCRIPTION 


~ Small, highly inflated, with rounded margin, gently rounded sides, 
pulvinate adoral surface with peristome and phyllodes depressed ; 
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apical system very eccentric anteriorly, tetrabasal, four genital pores ; 
petals long, extending almost to margin, open, narrow poriferous 
zones, tapering distally, pores conjugate, outer elongate transversely ; 
all ambulacral plates double pored ; periproct marginal, elongate longi- 
tudinally ; peristome anterior, oblique, large, depressed ; bourrelets 
slightly developed; phyllodes slightly broadened, double pored, two 
series of pore pairs in each half-ambulacrum; no buccal pores, no 
naked sternal area. 

Comparison with other genera—Lambert and Thiéry (1921, p. 
340) and Mortensen (1948, pp. 141, 143) consider Pygopistes as a 
synonym of Pygorhynchus. However, the two genera are quite 
distinct. In Pygopistes the test is much more inflated, with steeper 
sides, a more rounded marginal outline and a more pulvinate adoral 
surface. The apical system is much more eccentric anteriorly in 
Pygopistes, and there are fewer pore pairs in the phyllodes. 

The type species of Pygopistes and Plagiochasma are very similar, 
both having an oblique peristome, similar phyllodes and petals, but 
they differ in that in Pygopistes coquandi the test is more inflated, 
and the periproct is marginal. Pygopistes differs from Pygaulus in 
having a more anteriorly eccentric apical system, and a more highly 
inflated test. 

Range and distribution—Cretaceous (Cenomanian) of North 
Africa. 


DESCRIPTION OF TYPE SPECIES 


PYGOPISTES COQUANDI (Cotteau) 
Plate 13, figures 1-6; text figure 71 


Pygaulus coquandi Cotteau, 1869, Rev. Mag. Zool., ser. 2, vol. 21, pp. 243-245, 
pl. 13, figs. 1-4. 


Material.—Specimens were studied in the De Loriol Collection 
at the Muséum d’Histoire Naturelle at Genéve, in the Cotteau Col- 
lection at the Ecole des Mines, Paris, and in the Muséum National 
d’Histoire Naturelle, Paris. 

Shape.—Small, 25 mm. long, elongate, marginal outline smoothly 
rounded, right anterior margin slightly prolonged, extending farther 
anteriorly than left anterior margin, right posterior margin slightly 
more prolonged than left; test highly inflated, in some specimens 
greatest height anterior to center, in others near center; adoral 
surface slightly pulvinate with phyllodes and peristome slightly 
depressed. 
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Apical system.—Very eccentric anteriorly, four genital pores, tetra- 
basal, posterior genital plates separated by genital 2. 

Ambulacra.—Petals open, long, extending almost to margin, pos- 
terior petals longer than others; poriferous zones narrow, tapering 
distally, one-half width of interporiferous zones; pores strongly con- 
jugate, outer pore of pair elongated transversely, inner round. 

Periproct.—Marginal, slightly visible from above, elongated longi- 
tudinally. 

Peristome.—Large, anterior, depressed, oblique with long axis ex- 
tending from posterior right to anterior left. 

Floscelle.—Bourrelets slightly developed; phyllodes (text fig. 71) 
slightly broadened, depressed, double pored with two series of pore 
pairs in each half-ambulacrum: eight pore pairs in each outer series, 
four or five in each inner; no buccal pores. 

Occurrence.—Cretaceous (Cenomanian) of Algeria and Tunisia. 

Location of type specimen.—According to Cotteau, the type speci- 
men is in the Coquand Collection. 

Remarks.—The figures of Pygopistes coquandi in Cotteau, Peron, 
and Gauthier (1879, pl. 10, figs. 7-12) are not accurate. They show 
a test with a symmetrical marginal outline, whereas the right anterior 
margin projects more anteriorly than the left. Furthermore, the 
apical system is depicted as being almost central, whereas it is very 
eccentric anteriorly, and the periproct is shown to be lower than it 
really is. Perhaps because of these inaccuracies, Gauthier (188g9a, 
p. 36) erected a new species, Pygopistes excentricus for specimens 
that are herein believed to be conspecific with P. coquandi. Gauthier’s 
lectotype (herein designated) is in the Muséum National d’Histoire 
Naturelle, Paris. I include photographs of it (pl. 13, figs. 4-6). In 
Gauthier’s figure he shows the periproct far more anterior than it 
really is. 


Genus HYPOPYGURUS Gauthier 


Hypopygurus Gauthier, 1889a. Ech. foss., Tunisie, pp. 37, 38. Type species by 
monotypy, Hypopygurus gaudryi Gauthier. 


GENERIC DESCRIPTION 


Medium to large, low, elongate with pointed posterior margin, adoral 
surface concave ; apical system anterior, tetrabasal with four genital 
pores; petals broad, open, with straight poriferous zones, petals I 
and V longer than others, pores conjugate, outer pore slitlike, all 
ambulacral plates double pored; periproct inframarginal, elongate 
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longitudinally ; peristome anterior, pentagonal; bourrelets well devel- 
oped, inflated; phyllodes broadened, double pored, with pore pairs 
in two series in each half-ambulacrum: 10 to 12 pore pairs in each 
outer series, 4 to 6 in each inner; single buccal pores. 

Comparison with other genera—Hypopygurus is most similar to 
Pygorhynchus, having large petals, an inframarginal periproct, and 
similar phyllodes. It differs in having buccal pores and straighter 
poriferous zones. Lambert and Thiéry (1921, p. 357) considered 
Hypopygurus as a subgenus of Astrolampas, but the petals in Hypo- 
pygurus have straight poriferous zones, not lanceolate as in Astro- 
lampas, the apical system is more eccentric anteriorly, and it has 
buccal pores. 

Range and distribution——Cretaceous (Cenomanian) of Tunisia; 
only one species known. 


DESCRIPTION OF TYPE SPECIES 


HYPOPYGURUS GAUDRYI Gauthier 
Plate 13, figures 7, 8; text figure 72 


Hypopygurus gaudryi Gauthier, 1889a. Ech. foss., Tunisie, pp. 38-39, pl. 2, 

figs. 19-23. 

Material——Three specimens were studied in the Lambert Collec- 
tion at the Sorbonne, and two in the Muséum National d’Histoire 
Naturelle, Paris. The specimen figured by Gauthier in his plate 2, 
figures 22, 23, is herein designated as the lectotype. 

Shape.—Medium to large (largest specimen 61 mm. long), low, 
elongate with pointed posterior margin; adoral surface depressed. 

Apical system.—Anterior, tetrabasal with large genital plates. 

Ambulacra.—Petals broad, long, extending almost to margin, petals 
I and V longer than others, straight, or slightly curved in some speci- 
mens, widely open; interporiferous zones wide, increasing in width 
distally ; poriferous zones wide, tapering distally ; pores strongly con- 
jugate, outer pore slitlike, inner round to slightly elongate trans- 
versely. 

Periproct.—Inframarginal, oval, elongated longitudinally. 

Peristome.—Anterior, pentagonal, slightly higher than wide. 

Floscelle——Bourrelets well developed, inflated; phyllodes broad- 
ened, double pored (text fig. 72) with pore pairs arranged in two 
series in each half-ambulacrum: Io to 12 in each outer series, 4 to 
6 in each inner; single buccal pores present. 

Occurrence.—Cretaceous (Cenomanian), Djebel Cehela, Tunisia. 
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Location of type specimen.—Lectotype in the Muséum National 
d’Histoire Naturelle, Paris. 

Remarks.—Gauthier’s figure of the adapical surface is inaccurate, 
as it shows very flexuous petals with highly curved poriferous zones. 
In most of the specimens the petals are straight, in a few they are only 
slightly curved, a0 

Mortensen (1948, p. 189) states that “the apical system is not 
tetrabasal, but evidently not clearly monobasal either.” Evidently he 
based this conclusion on Gauthier’s figures of the apical system in 
which the suture lines are not clear. However, in his description, 
Gauthier states that although the sutures are not visible on all the 
specimens, they are visible on the well-preserved specimens. On one 
of the specimens in the Lambert Collection, I found distinct sutures. 


Genus PLAGIOCHASMA Pomel 


Plagiochasma Pomel, 1883. Class. méth., p. 59. Type species by subsequent 
designation, Melville (1952, p. 1), Nucleolites olfersii L. Agassiz. 
Synonyms: Dochmostoma Duncan; Trematopygus d’Orbigny. 


GENERIC DESCRIPTION 


Small to medium, elongate, anterior outline smoothly rounded, 
posterior usually slightly indented by anal groove, greatest width 
usually posterior to center, adoral surface smoothly rounded mar- 
ginally, depressed at peristome; apical system tetrabasal, four genital 
pores; petals usually unequal with petals V and I longer than others, 
interporiferous zones wide, poriferous zone narrow, equal length 
in each petal, with slight tendency to close distally, all ambulacral 
plates double pored; periproct supramarginal, longitudinal, in groove 
extending from opening to posterior margin; peristome usually 
oblique, anterior; bourrelets absent or slightly developed; phyllodes 
not widened or only slightly widened, double pored, pore pairs ar- 
ranged in two series in each half-ambulacrum; no buccal pores; 
tubercles on adoral side only slightly larger than on adapical; no 
naked sternal area. 

Comparison with other genera.—Plagiochasma is very similar to 
Pygaulus and probably closely related. In both genera the petals are 
open or only slightly closed, with wide interporiferous zones, narrow 
poriferous zones, often oblique peristome, slightly developed or ab- 
sent bourrelets, and double-pored phyllodes with the pore pairs 
arranged in two series in each half-ambulacrum. Plagiochasma differs 
in having a supramarginal periproct, and a less anterior apical system. 
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Plagiochasma is also very similar to Pygopistes, both genera hav- 
ing similar petals, oblique peristome, and similar floscelle. However, 
in Plagiochasma the test is lower, and the periproct is supramarginal. 

Lambert and Thiéry (1921, p. 339) include among the species they 
refer to Trematopygus (=Plagiochasma), Fourtau’s (1913, p. 62) 
Trematopygus aegyptiacus. Fourtau (1921, p. 62) later transferred 
this species to Botriopygus. It is certainly not a Plagiochasma as 
shown by its marginal to inframarginal periproct, and monobasal 
apical system, but probably is a Parapygus. Fourtau in this same 
work described a Plagiochasma, P. sinaeus (Fourtau) from the 
Cenomanian of Egypt. 

Lambert and Thiéry referred Clark’s Echinobrissus texanus from 
the Coniacian Austin Chalk of Texas to Trematopygus (=Plagio- 
chasma). Later, Cooke (1953, p. 13) placed this species in Nucleo- 
pygus. I have studied the holotype and agree with Lambert and 
Thiéry that the species is a Plagiochasma. Its shape, petal arrange- 
ment, position of periproct, and phyllodes are typical of that genus. 
Apparently its peristome is also oblique, but this area is not well 
preserved on the holotype. Its phyllodes are definitely double pored 
and very similar to those of P. olfersit whereas in Nucleopygus they 
are single pored. 

I studied a specimen of Plagiochasma excentricus (Pictet and 
Renevier) in the De Loriol Collection at the Muséum d’Histoire 
Naturelle in Genéve, Switzerland, and include a drawing (text fig. 73) 
of one of its phyllodes. It is of interest to note that the phyllode 
is slightly widened, whereas in P. olfersu the outer pore series is 
straight. 

Melville (1952) described a new species of Plagiochasma, P. cox- 
wellense, from the Aptian, Lower Greensand in England, including 
several excellent, detailed drawings of the plate structure. Zazvorka 
(1953) reported a new species, Plagiochasma novaki (Zazvorka), 
from the Lower Turonian of Bohemia. 

Range and distribution.—Cretaceous (Neocomian to early Seno- 
nian) of Europe, Egypt, and the United States. 


DESCRIPTION OF TYPE SPECIES 
PLAGIOCHASMA OLFERSII (L. Agassiz) 
Plate 14, figures 1-3; text figures 74-76 
Nucleolites olfersii L. Agassiz, 1836a. Mem. Soc. Sci. Nat. Neuchatel, vol. 1, 
P1133; pl: 14, figs. 2; ‘3. 
Material—Sixteen specimens studied in the Museum of Compara- 
tive Zoology, Harvard, two in the d’Orbigny Collection at the Muséum 
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National d’Histoire Naturelle, one in the Ecole National Superiéure 
des Mines, Paris, and one in the U. S. National Museum. 

Shape-——Small to medium, up to 30 mm. long, elongate, smoothly 
curved anterior outline, slightly truncated posterior, sides expanding 
posteriorly with greatest width posterior to center; adapically inflated 
anteriorly, with steeply sloping anterior surface, gradually sloping 
posterior; adorally depressed around peristome, ambulacra slightly 
depressed, ambulacrum III more depressed than others. 

Apical system.—Very eccentric anteriorly, tetrabasal (text fig. 74), 
genital plate 2 extending posteriorly, separating genital plates 1 and 4; 
ocular plates very large, ocular plates I and V in contact. 

Ambulacra.—Petals broad, flush, unequal in length, petal III 
shortest, petals V and I longest, in specimen 22 mm. long: 32 pore 
pairs in poriferous zone of petal III, 36 in petals II or IV, 47 
in V or I; petals slightly closing distally, petal III more open 
than others; interporiferous zones very wide, twice width of porifer- 
ous zones; poriferous zones taper distally, of equal length in same 
petal, pores conjugate, outer pores elongated transversely, inner 
round. 

Adoral interambulacra.—Single plate (text fig. 75) at peristome, 
preceded by regularly alternating plates. 

Periproct—Supramarginal, longitudinal pointed anteriorly, ex- 
panding and smoothly rounded posterior; in groove extending to 
posterior margin. 

Peristome.—Large, depressed, anterior, oblique, with long axis 
extending from left anterior to right posterior. 

Floscelle—Bourrelets slightly developed; phyllodes (text fig. 76) 
narrow to slightly widened, double pored with two series of pore 
pairs in each half-ambulacrum: five to seven pore pairs in each outer 
series, three to five in each inner; no buccal pores. 

Tuberculation.—Adorally tubercles slightly larger than adapically. 

Occurrence.—Lower Cretaceous (Hauterivian) of France and 
Switzerland. 

Location of type specimen.—Not known. 

Remarks.—d’Orbigny (1857, p. 374, pl. 949, fig. 7) described and 
figured a fifth imperforate supplementary plate in Plagiochasma 
olfersit. Wright (1875, Cretaceous, p. 252) mentioned this plate in 
his generic description, but presumably he was basing his description 
in part on d’Orbigny’s, because he does not report this plate in his 
description of the apical system in Plagiochasma faringdonense 
Wright. This plate was not present on any specimens I studied of 
P. olfersit, and Melville (1952, p. 4) did not find it on any specimens 
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of P. coxwellense Melville or of P. faringdonense. The posterior 
ocular plates are very large in P. olfersti (text fig. 74), and it is prob- 
able that d’Orbigny mistook one of them for a supplementary plate. 


Synonyms of PLAGIOCHASMA 


Dochmostoma Duncan, 1891. Journ. Linn. Soc. (Zool.), vol. 23, p. 176. Type 
species herein designated, Nucleolites olfersii L. Agassiz. 


Remarks.—Dochmostoma is a junior objective synonym of Plagio- 
chasma, both genera having the same type species. Duncan created 
this genus because he did not like the name Trematopygus. 


Trematopygus d’Orbigny, 1857. Pal. franc., Crétacé, vol. 6, p. 374; non Holm- 
gren (1855, K. Svensk. Vetensk. Akad. Handl., N. F., vol. 1, p. 179; a genus 
of Hymenoptera). Type species: Nucleolites olfersti Agassiz by subsequent 
designation, Lambert and Thiéry (1921, p. 338). 


Genus OOLOPYGUS d’Orbigny 


Oolopygus d’Orbigny, 1856. Pal. franc., Crétacé, vol. 6, atlas, pls. 976-977. 
Type species, Oolopygus gracilis Lambert=Oolopygus pyriformis d’Orbigny 
1856, non Oolopygus pyriformis (Leske, 1778), by subsequent designation, 
Cotteau (in d’Orbigny 1860, p. 458). 

Synonym: ? Pseudonucleus Lambert. 


GENERIC DESCRIPTION 


Small to medium size, elongate, with or without pointed posterior 
margin, inflated, with steep sides; apical system tetrabasal, anterior, 
three or four genital pores (no pore in genital 3 in some species), 
petals slightly developed, flush, equal, often difficult to discern, pores 
of pore pair equal, or outer elongated transversely, ambulacral plates 
beyond petals single pored ; periproct marginal, longitudinal, often with 


Fics. 73-80.—73, Plagiochasma excentricus (Pictet and Renevier): Phyllode 
of ambulacrum II from specimen in De Loriol Collection, at the Muséum 
d’Histoire Naturelle, Genéve, Switzerland, from the Lower Cretaceous (Aptian) 
at Boveresce (Neuchatel), Switzerland, 15. 74-76, Plagiochasma olferst 
(Agassiz): 74, Apical system of specimen in Roman Collection from the 
Lower Cretaceous (Hauterivian), at Devecey (Doubs), France, * 15; 75, 76, 
adoral plate arrangement (2) and phyllode of ambulacrum V (X15) of 
USNM 21814, from Lower Cretaceous (Neocomian) at St. Croix, Switzerland. 
77, Oolopygus gracilis Lambert: Phyllode of ambulacrum V of Lambert’s 
(1900, pl. 1, figs. 17-18) figured specimens in the Lambert Collection, Sorbonne, 
Paris, from the Upper Cretaceous (Maestrichtian), Fresville, France, 15. 
78, Oolopygus pyriformis (Leske): Phyllode of ambulacrum I of Lambert’s 
figured specimen in the Lambert Collection, Sorbonne, Paris, from the Upper 
Cretaceous (Maestrichtian) at Fresville (Manche), France, * 15. 79, 80, Pseu- 
donucleus malladai Lambert: 79, Apical system of holotype in Lambert Collec- 
tion, Sorbonne, Paris, from the Upper Cretaceous (Campanian) of Roiz, San- 
tender, Spain, X 21; 80, phyllode of ambulacrum III of same specimen, X 21. 
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slight groove extending from margin of periproctal opening to lower 
edge of test; peristome central to slightly anterior, higher than wide, 
pentagonal ; floscelle well developed with strong bourrelets and broad, 
single-pored phyllodes with two series of pores in each half ambula- 
crum with 8 to Io pores in the outer series, 2 to 4 in the inner; 
buccal pores present. 

Comparison with other genera.—Oolopygus is very similar to 
Catopygus in general appearance, both having a small, elongate test 
with narrow, equal petals with pores of a pore pair either equal or 
the outer pore elongated transversely. The periproct is longitudinal 
and similarly located on the margin, and in both genera the peristome 
is higher than wide and pentagonal. They differ in that Catopygus 
has double pores in the phyllodes and no buccal pores, whereas 
Oolopygus has single-pored phyllodes and buccal pores. Oolopygus 
occurs later in the Cretaceous than most of the species of Catopygus 
and is clearly a descendant of Catopygus as shown by its more ad- 
vanced phyllodes. 

Remarks.—There has been considerable confusion over the nomen- 
clature of the type species of this genus. There are two species from 
the Maestrichtian of Belgium which are very similar, and one of 
these is the type species. Leske (1778) described, but very poorly 
figured, Echinites pyrifornus. Goldfuss (1826, p. 141) referred 
some specimens to Leske’s E. pyriformis, but some authors have not 
considered his specimens conspecific with Leske’s. d’Orbigny (1856, 
pls. 976-977) in the plates for “Paléontologie francaise, terrain 
Crétacé,” figured and named two new species in his new genus 
Oolopygus, O. bargesi and O. pyriformis. d’Orbigny, in the same 
work, had placed Echinites pyriformis Leske in Catopygus. Cotteau 
(1860, p. 457), in the text for ‘‘Paléontologie francaise, terrain 
Crétacé,” incorrectly credits Goldfuss with the authorship of O. pyri- 
fornus and designates it as the type species of Oolopygus. Later 
(1869, Pal. franc., Jur., p. 124) he stated that Oolopygus bargest was 
the type species. Lambert (1909, p. 20) erected a new species, 
Oolopygus gracilis, for O. pyriformis d’Orbigny, non LEchinites 
pyrifornis Leske. Echinites pyriformis is also an Oolopygus and is 
a senior homonym of d’Orbigny’s O. pyriformis. 

Mortensen (1948, p. 160) considered Oolopygus as a subgenus of 
Catopygus. The presence of single pores in the phyllodes and the 
presence of buccal pores distinguishes this genus from Catopygus. 
Mortensen evidently was not aware of this difference in the phyllodes. 

I have included photographs of Lambert’s figured specimen of 
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O. pyriformts (pl. 29, figs. 7-9) and a drawing (text fig. 78) of one 
of its phyllodes. 

Range and distribution.—Upper Cretaceous (Senonian) of France, 
Belgium, and Holland. Oolopygus affinis Sorignet occurs in the 
Pisolitic limestone which some authors consider to be Montian. 

Oolopygus williamsi (Clark) from the Middle Maestrichtian of 
New Jersey may be a Catopygus. The holotype, and only known 
specimen, is an internal cast, and it is not possible to know whether 
or not it had single- or double-pored phyllodes. 


DESCRIPTION OF TYPE SPECIES 


OOLOPYGUS GRACILIS Lambert 
Plate 29, figures 5, 6; text figure 77 


Oolopygus gracilis Lambert, 1909. Bull. Soc. Linn. Normandie, ser. 6, vol. 2, 
pp. 20-21, pl. 1, figs. 17-18. O. gracilis is a substitute name for Oolopygus 
pyriformis d’Orbigny, 1856, Pal. franc., Crétacé, vol. 6, atlas, pl. 977, non 
Oolopygus pyriformis (Leske), 1778. 


Material—I have studied and photographed Lambert’s figured 
specimen, which is in his collection in the Sorbonne, Paris. 

Shape.—Small, Lambert’s specimen 23 mm. long, d’Orbigny’s 
27 mm.; elongate, posterior margin slightly truncated in Lambert’s 
specimen, but prolonged in d’Orbigny’s; adapical surface smoothly 
inflated, adoral surface flattened; greatest width and height posterior 
to center. 

Apical system.—Anterior, apparently tetrabasal although sutures 
not clear; tetrabasal system seen in specimen of O. pyriformis Leske, 
a species very similar to O. gracilis. Three genital pores, no pore in 
left anterior genital plate 3. 

Ambulacra.—Petals slightly developed, equal in length, narrow, 
open, flush with test. Poriferous zones very narrow, one-half width 
of interporiferous zones; pores of pore pair equal, slightly elongated 
transversely. 

Periproct.—Marginal, oval, longitudinal, with slight groove extend- 
ing from opening to ventral edge of test. 

Peristome.—Anterior, depressed slightly higher than wide, pen- 
tagonal. 

Floscelle-—Bourrelets and phyllodes strongly developed. Phyllodes 
broad, single pored, with two series of pores in each half ambulacrum: 
8 to 10 pores (text fig. 77) in each outer series, 2 to 4 in each inner. 
Two rows of sphaeridia in each ambulacrum ; buccal pores present. 
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Occurrence-—Upper Cretaceous (Maestrichtian),  Fresville, 
(Manche), France; Kunraad, Belgium. 

Location of type specimen.—According to Cotteau (1860, Pal. 
franc., Crétacé, p. 458), the holotype is in the d’Orbigny Collection 
at the Muséum National d’Histoire Naturelle, Paris. 

Remarks.—Further work is necessary on this species. d’Orbigny’s 
figures of the holotype show a specimen differing in some characters 
from Lambert’s specimens. Lambert’s (1909, pl. 1, figs. 17, 18) 
specimen from Fresville (figured on my pl. 29, figs. 5, 6) has a 
slightly truncated posterior margin, whereas, according to d’Orbigny’s 
figure, the posterior margin in the holotype is prolonged. The speci- 
men that Lambert (19IICc, pl. 2, figs. 22-25) figured from Kunraad 
is much more elongate than d’Orbigny’s specimen, and has its greatest 
width anterior to the center instead of posterior as in d’Orbigny’s 
specimen. Perhaps Lambert’s specimens are not conspecific with 
d’Orbigny’s. A reexamination of d’Orbigny’s specimen should make 
possible a decision on this question. It is interesting to note that 
Lambert’s figured specimen of O. pyriformis (Leske) (figured in 
my pl. 29, figs. 7-9) is much more similar in shape to d’Orbigny’s 
holotype of O. gracilis. It differs in having the outer pore of a pore 
pair greatly elongated transversely, whereas it is almost round in 
O. gracilis. It is possible that O. pyriformis (Leske) and O. gracilis 
are conspecific, and the study of many specimens should clarify this 
situation. 

d’Orbigny shows double pores in the ambulacral plates beyond the 
petals. This is an error on the part of the artist, as these pores are 
not paired. 


? Synonym of OOLOPYGUS 


Pseudonucleus Lambert, 1920c. Ann. Soc. Linn. Lyon, vol. 66, p. 17. Type 
species by monotypy, Pseudonucleus malladai Lambert. 


DESCRIPTION OF TYPE SPECIES 
PSEUDONUCLEUS MALLADAI Lambert 
Plate 44, figures 6-8; text figures 79, 80 
Pseudonucleus malladai Lambert, op. cit., p. 17. 


Material—The holotype and one topotype were studied in the 
Lambert Collection at the Sorbonne, Paris. Both specimens are very 
small and poorly preserved, being fractured, weathered, and partially 
coated with secondary calcite. 
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Shape.—Small, holotype 11 mm. long, topotype 15 mm., elongate, 
with smooth marginal outline except for slight posterior truncation ; 
adapical surface highly inflated, with steep sides, greatest height 
posterior to center; adoral surface flattened, peristome flush. 

Apical system.—Anterior (text fig. 79), tetrabasal, four genital 
pores. 

Ambulacra.—All ambulacra petaloid, petals narrow, very short, 
perhaps reflecting immaturity of specimens. Details of pores not 
visible. 

Periproct.—Marginal, in center of posterior truncation. 

Peristome.—Anterior, pentagonal. 

Floscelle—Bourrelets with vertical sides. Phyllodes definitely 
developed with slight crowding of single pores; buccal pores present 
(text fig. 80). 

Occurrence—Upper Cretaceous (Campanian) of Roiz (Santen- 
der), Spain. 

Remarks.—Lambert believed that ambulacrum III was nonpetaloid 
in the type species of his Pseudonucleus. lf this was so, then he was 
justified in erecting a new genus for it. However, I have studied 
under high magnification the holotype and one topotype in his collec- 
tion and found that ambulacrum III is petaloid. In the holotype, 
the area where ambulacrum III occurs is badly eroded, and if it had 
been petaloid, there would have been no way to have known it. Ina 
second topotypic specimen, ambulacrum III is definitely petaloid, and 
there is no question that this specimen is conspecific with the holotype. 
Lambert does not mention this second specimen in his description and 
it is possible that he received it after describing this species. In his 
original description Lambert states that the pores are not conjugate 
in the petals, but Lambert and Thiéry (1921, p. 358) say that they are 
conjugate. The specimens are so badly weathered and details of the 
test so obscured by secondary growth that I was unable to discern 
whether they were conjugate or not. 

Lambert considered this species similar, except for its ambulacrum 
III, to Oolopygus or Catopygus. In its shape with its smoothly 
elongate, highly inflated test, it is very similar to Oolopygus. It is 
similar in having its apical system very eccentric anteriorly, in its 
inconspicuous petals and location of its periproct. Unfortunately, 
the two and only known specimens of Pseudonucleus are very small 
and may show immature characters. It therefore seems advisable to 
consider Pseudonucleus only tentatively as a synonym of Oolopygus. 
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Genus HEMICARA Schliiter 


Hemicara Schliter, 1902. Zeitschr. Deutsch. Geol. Ges., vol. 54, p. 332. Type 
species by monotypy, Hemicara pomeramwn Schluter. 


GENERIC DESCRIPTION 


Medium size, highly inflated, flat adoral surface; apical system 
tetrabasal, four genital pores; petals very slightly developed, nar- 
row; all ambulacral plates double pored; periproct inframarginal, 
transverse; peristome pentagonal, width equal to height; bourrelets 
strongly developed, inflated; phyllodes widened, double pored; no 
buccal pores; narrow naked median zone in interambulacrum 5 
adorally. 

Comparison with other genera.—Hemicara is easily distinguished 
from all the other genera of the Nucleolitidae and may not belong 
to this family. It resembles some species of Catopygus by its floscelle 
and slightly developed petals but can be distinguished easily by its 
broader test and inframarginal periproct. 

Range and distribution—Upper Cretaceous (Senonian) of Poland 
and Germany ; only one species known. 


DESCRIPTION OF TYPE SPECIES 


HEMICARA POMERANUM Schliiter 


Plate 22, figures 1-3 


Hemicara pomeranum Schliter, 1902, Zeitschr. Deutsch. Geol. Ges., vol. 54, 
Pp. 332, pl. 11, figs. 5-10. 


Material—Professor Kongiel sent me photographs of a well- 
preserved specimen in his collection. 

Shape.—Medium size, elongate, broad, with rounded anterior mar- 
gin, slightly pointed posterior, highly inflated with steep side, adoral 
surface flat, peristome flush. 

Apical system.—Anterior, tetrabasal, four genital pores. 

Ambulacra.—FPetals slightly developed, narrow, open, extending 
almost to margin. 

Periproct.—Inframarginal, transverse. 

Peristome.—Anterior, pentagonal, width equal to height. 

Floscelle—Bourrelets well developed, swollen; phyllodes widened, 
double pored, with two series of pore pairs in each half-ambulacrum ; 
no buccal pores. 

Tuberculation—Naked zone in medial zone in interambulacrum 
5 adorally. 


NO. 3 CASSIDULOID ECHINOIDS—KIER 99 


Occurrence.—Upper Cretaceous (Senonian) of Germany and 
Poland. 
Location of type specimen.—Not known by this author. 


Family ECHINOLAMPADIDAE Gray, 1851 


Medium to large, elongate to circular, usually highly inflated ; apical 
system tetrabasal or monobasal; periproct marginal to inframarginal, 
transverse or longitudinal ; peristome transverse ; petals long, usually 
broad, open, usually with poriferous zones of unequal length in the 
same petal, in earlier genera outer pore slitlike, single pores in 
ambulacral plates beyond petals; bourrelets well developed; phyl- 
lodes widened, single pored, with few or many pores; buccal pores 
present ; tubercles adorally only slightly larger ; narrow, naked, granu- 
lar zone in interambulacrum 5. 

Genera—Parapygus, Arnaudaster, Echinolampas, Plesiolampas, 
Conolampas. 

Range.—Cretaceous (Cenomanian) to Recent. 

Comparison with other families—The Echinolampadidae differ 
from the Faujasidae in having less developed bourrelets and more 
open petals, with poriferous zones in the same petal of unequal 
length. They differ from the Pliolampadidae in having narrower 
poriferous zones of unequal length, and in having a naked granular 
zone in interambulacrum 5. 


Genus PARAPYGUS Pomel 


Parapygus Pomel, 1883. Class. méth., p. 61. Type species by subsequent desig- 
nation, Lambert, 1808, p. 162, Botriopygus cotteauanus d’Orbigny. 
Synonyms: Pseudocatopygus Cotteau and Gauthier; Rostropygus Szorényi. 


GENERIC DESCRIPTION 


Medium to large, elongate somewhat inflated, with well-rounded 
margin, slightly depressed adoral surface; apical system tetrabasal 
anterior, with four genital pores, posterior genital plates separated 
by genital 2; petals well developed, open or with slight tendency 
to close distally, pores conjugate; single pores in ambulacral plates 
beyond petals; periproct marginal, longitudinal; peristome anterior, 
regular, pentagonal, wider than high; bourrelets well developed, ex- 
tending convexly into peristome; phyllodes single pored, broadened, 
two or rarely three rows of pores in each half-ambulacrum, approxi- 
mately 10 in each outer series, 3 or 4 in each inner, I to 3 in each 
median series; buccal pores present. 
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Comparison with other genera—This genus is very similar to 
Pygorhynchus in most characters except that the phyllodes are single 
pored in Parapygus but double pored in Pygorhynchus. Parapygus 
is probably a descendant of Pygorhynchus. It occurs later in the 
Cretaceous, and its single-pored phyllodes indicate that it is more 
advanced. 

Remarks.—According to Mortensen (1948, p. 144) the apical 
system may be tetrabasal or monobasal, because Checchia-Rispoli 
(1914, p. 7; 1931, p. 17) reports a monobasal apical system in two 
species he refers to Botriopygus, B. tripolitanus (Krumbeck) and 
B. muillosevichi Checchia-Rispoli. However, even if it is correct that 
the apical systems are monobasal in these species, it is not certain 
that they belong in the genus Parapygus. The shape of their tests and 
the arrangement of their petals is not typical of Parapygus. In all 
the species of Parapygus in which I have been able to see the apical 
system, it has been tetrabasal, and until these supposedly monobasal 
species have been reexamined, it seems best to consider Parapygus 
as a tetrabasal genus. 

As most of the species of this genus have never been well figured, 
I include pictures and drawings of several of the species. In the 
Ecole des Mines, I found what is probably Cotteau’s figured speci- 
men of P. nanclasi (Coquand). A picture of its adapical surface 
and a picture of the adoral surface of another specimen from the 
same locality is on plate 15, figures 8, 9. A drawing of a phyllode is 
on text figure 81. Cotteau in his figure 4 erroneously shows double 
pores in the phyllodes. The apical system is clearly tetrabasal in this 
species. The lectotype of P. cassiduloides Gauthier (herein desig- 
nated) was figured by Gauthier (188ga, pl. 3, figs. 8, 9) and is in 
the Muséum National d’Histoire Naturelle, Paris. It is figured 
herein on plate 14, figures 7-9, with an enlarged view of the floscelle 
of Gauthier’s figured paratype on plate 14, figure 10. A drawing 
of its phyllodes is on text fig. 82. A specimen of P. toucasanus 
(d’Orbigny) from the d’Orbigny Collection is figured on plate 12, 
figure 6, with a drawing of one of its phyllodes on text figure 83. From 
the Cotteau Collection at the Ecole des Mines, I have included photo- 
graphs of two specimens of P. coquandi (Cotteau) (pl. 15, figs. I, 
2) and a drawing of a phyllode (text fig. 84). 

Range and distribution—Upper Cretaceous (Turonian to Seno- 
nian) of Europe and Africa. Lambert and Thiéry (1921, p. 352) 
give as the range for this genus Valanginian to Senonian. All the 
pre-Turonian species I have seen have had double-pored phyllodes 
and should be referred to Pygorhynchus. 
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Fics. 81-83.—81, Parapygus nanclasi (Coquand): Phyllode of ambulacrum I from 
specimen in Ecole National Supérieure des Mines, Paris, from the Upper Cretaceous 
(Senonian) at Epagnac (Charente), France, & 10. 82, Parapygus cassiduloides Gauthier : 
Phyllode of ambulacrum III of lectotype in Muséum National d’Histoire Naturelle, Paris, 
from the Upper Cretaceous (Senonian) at Djebel Aidoudi, Tunisia, & 10. 83, Parapygus 
toucasanus (d’Orbigny): Phyllode of ambulacrum III of specimen in Ecole National 
Supérieure des Mines, Paris, from the Upper Cretaceous (Turonian) at Beausset (Var), 
France, 15. 


DESCRIPTION OF TYPE SPECIES 


PARAPYGUS COTTEAUANUS (d’Orbigny) 
Plate 14, figures 4-6; text figure 85 


Botriopygus cotteauanus d’Orbigny, 1856. Pal. franc., Crétacé, vol. 6, pp. 341-342, 
pl. 932. 


Material—Two specimens studied from the Lambert Collection, 
Sorbonne, Paris. 

Shape-—Medium to large (40 to 50 mm. long), oval, inflated 
adapically, flattened adorally. 

Apical system.—Anteriorly eccentric, tetrabasal, posterior genital 
plates separated by genital 2. 

Ambulacra.—Well-developed petals with wide interporiferous 
zones, one-third wider than poriferous zones, petals with slight 
tendency to close distally; anterior petals extend to near margin, 
posterior petals between one-half and two-thirds distance to margin ; 
pores conjugate with outer pore of pore pair slitlike, inner pore round. 
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Fics. 84-89.—84, Parapygus coquandi (Cotteau): Phyllode of ambulacrum II of specimen 
in Ecole National Supérieure des Mines, Paris, from the Upper Cretaceous (Senonian) at 
Djelfa, Algeria, 15. 85, Parapygus cotteauanus (d’Orbigny): Phyllode of ambulacrum IV 
of specimen in Lambert Collection, Sorbonne, Paris, from the Upper Cretaceous (Turonian) at 
Les Martigues, France, 5 86, Parapygus longior (Cotteau and Gauthier): Phyllode of 
ambulacrum I of specimen in Lambert Collection, Sorbonne, Paris, from the Upper Cretaceous 
(Senonian) at Aftab, Persia, & 15. 87, Arnaudaster gauthieri Lambert: Phyllode of ambula- 
crum III of the holotype in the Lambert Collection, Sorbonne, Paris, from the Cretaceous 
(Cenomanian), Mantelliceras mantelli (Sowerby) zone, near Fumel, Aquitaine, France, X I5. 
88, 89, Pygorhynchus columbianus (Cooke): 88, Apical system of paratype USNM_ 108696, 
from the Lower Cretaceous (Late Albian) at Rancheria Valley, 10 km. north of Fonseca, 
Dept. Magdalena, Colombia, X 5; 89, phyllode of ambulacrum I of holotype, from same local- | 
ity, X 15. 
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Periproct.—Marginal, higher than wide. 

Peristome.—Regular, pentagonal, anterior, in faint groove. 

Floscelle—Bourrelets strongly developed (pl. 14, fig. 6), vertical 
sides, curving convexly into peristome ; phyllodes (text fig. 85) single 
pored ; in half area of ambulacrum III arranged with 9 pores in each 
outer series, 4 in each inner; in other ambulacra pores of outer series 
arranged in 2 columns with a total of 12 to 14 pores in each outer 
series, 4 in each inner; buccal pores present. 

Tuberculation—Naked zone along midzone of interambulacrum 
5 on adoral side. 

Occurrence.—Upper Cretaceous (Turonian) at Martigues(Bouches- 
du-Rhone), and Castelet (Var), France. 

Location of type specimen.—Probably in d’Orbigny Collection, 
Muséum National d’Histoire Naturelle, Paris. 

Remarks.—d’Orbigny’s figure does not show the naked area in 
interambulacrum 5. I believe its absence in his figure is an error on 
the part of the artist, as this naked zone is very evident in specimens 
I have studied (see pl. 14, fig. 5). 


Synonym of PARAPYGUS 


Pseudocatopygus Cotteau and Gauthier, 1895. Mission sci. Perse, éch. foss., 
p. 62. Type species, Pseudocatopygus longior Cotteau and Gauthier, by subse- 
quent designation, Kier, herein. 


DESCRIPTION OF TYPE SPECIES 


PARAPYGUS LONGIOR (Cotteau and Gauthier) 
Plate 15, figures 3, 4; text figure 86 


Pseudocatopygus longior Cotteau and Gauthier, 1895. Mission sci. Perse, éch. 
foss., p. 64, pl. 10, figs. 1-4. 


Material—Four topotypic specimens studied in the Lambert Col- 
lection, Sorbonne, Paris. 

Shape-—Medium size, 24 to 29 mm. long, elongate, inflated, great- 
est width and height posterior to center. 

Apical system.—Anterior, four genital pores, probably tetrabasal. 

Ambulacra.—Petals short, equal length, wide, interporiferous zones 
almost twice width of poriferous zones; poriferous zones of same 
petal of unequal length, petals closing distally ; pore pairs conjugate, 
outer pore transversely elongate, inner round. 

Periproct—Marginal, longitudinally elongate, slight groove adoral 
of opening. 

Peristome.—Anterior, pentagonal, slightly depressed. 
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Floscelle——Bourrelets moderately developed; phyllodes (text fig. 
86) single pored, broad, 7 or 8 pores in each outer series, 2 or 3 in 
each inner series; buccal pores present. 

Tuberculation.—Narrow, naked, granular zone adorally in inter- 
ambulacrum 5. 

Occurrence-—Upper Cretaceous (Senonian) of Aftab, Persia. 

Location of type.—Probably in Cotteau Collection, Ecole des 
Mines, Paris. 

Remarks.—This species was considered by Lambert and Thiéry 
(1921, p. 352) and Mortensen (1948, p. 143) congeneric with 
Parapygus cotteauanus. I agree with their conclusions, as both species 
have the same elongate, inflated shape with greatest width posterior 
to center, and similar short petals with anteriorly very eccentric 
apical system. Their phyllodes differ slightly, with fewer pores in P. 
longior. 


Synonym of PARAPYGUS 


Rostropygus Sz6rényi, 1955. Geol. Hung., p. 66. Type species by original 
designation, Rostropygus annae Szérényi. 


Remarks.—I have not seen any specimens of the type species, but 
Dr. Szorényi very kindly sent me some photographs and a cast of 
the holotype. Szorényi distinguishes her genus by its projecting 
posterior margin. However, the type species is so similar in petal 
arrangement and shape to Parapygus that this character does not 
seem of sufficient importance to warrant the maintenance of a sep- 
arate genus for it. 


Genus ARNAUDASTER Lambert 


Arnaudaster Lambert, 1918. Mém. Soc. Acad. Aube, ser. 3, vol. 82, p. 32. All 
previous workers including Lambert and Thiéry (1921, p. 353), Mortensen 
(1948, p. 157), and Neave (1939, p. 301) have attributed this genus to Lambert 
(1920a). However, he mentioned the genus in 1918 with a diagnosis in a 
footnote, and that date must be considered the date of its publication. Type 
species, Arnaudaster gauthieri Lambert by subsequent designation, Lambert, 
(1920a, p. 152). 


GENERIC DESCRIPTION 


Medium size, elongate, subcylindrical, apical system anterior, ap- 
parently tetrabasal but sutures not clear on holotype, four genital 
pores; petals well developed, broad, closing distally, with unequal 
poriferous zones, pores conjugate, single pores in ambulacral plates 
beyond petals; periproct marginal, longitudinal; peristome anterior, 
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subpentagonal ; bourrelets present ; phyllodes slightly broadened, sin- 
gle pored, approximately six pores in each outer series in each half- 
ambulacrum, two in each inner; buccal pores. 

Comparison with other genera.—Arnaudaster is very similar to 
Parapygus and perhaps should be considered a synonym of it. It 
differs only in having a more cylindrical shape, and more unequal 
poriferous zones in the same petal. 

Remarks.—Only one species of this genus is known. Cooke (1955, 
p. 96) attributed a Late Albian species (his Arnaudaster colombianus) 
to this genus, but I do not believe that it is congeneric with A. 
gauthiert. The most important difference between the two species 
is that the phyllodes in Cooke’s species are double pored (text fig. 89) 
with many pore pairs, and with no buccal pores, whereas in A. 
gauthiert they are single pored with few pores, and with buccal pores. 
Furthermore, in Cooke’s species the poriferous zones are approxi- 
mately equal in length, but in 4. gauthieri they are very unequal. On 
his paratype (USNM 108696) the apical system is well preserved 
and is definitely tetrabasal (text fig. 88). This species probably 
should be referred to Pygorhynchus. 

Range and distribution.—Cretaceous (Cenomanian). France. 


DESCRIPTION OF TYPE SPECIES 


ARNAUDASTER GAUTHIERI Lambert 
Plate 15, figures 5-7; text figure 87 


Arnaudaster gauthiert Lambert, 1920a. Mém. Soc. Acad. Aube, vol. 84, 
pp. 152-153, pl. 1, figs. 1-4. 


Material.—The holotype and only known specimen was studied in 
the Lambert Collection. This specimen is well preserved although 
the sutures in the apical system are not clear. 

Shape-——Medium size, holotype 28 mm. long; subcylindrical, with 
rounded margins and straight sides. Greatest height posterior, adoral 
surface flat. 

Apical system.—Anterior, four genital pores, madreporite large, 
pierced with many pores, apparently tetrabasal from position of 
genital plates, although sutures not clear. 

Ambulacra.—Petals well developed, broad, closing distally. Inter- 
poriferous zones almost twice width of poriferous zone; pores con- 
jugate, outer pore elongated obliquely, inner round or slightly elon- 
gated. Poriferous zones unequal, posterior zones of petals II and 
IV longer with 8 to 10 more pore pairs than anterior zones; in petal 
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III right poriferous zone with 3 or 4 more pore pairs than left; in 
petals V and I outer poriferous zones with 9 more pore pairs than 
inner poriferous zones. 

Periproct—Marginal, longitudinal, in slight groove. 

Peristome.—Anterior, subpentagonal. 

Floscelle—Bourrelets slightly developed. Phyllodes (text fig. 87) 
broadened, single pored, with few pores: six or seven in each outer 
series, two in each inner series of a half-ambulacrum. Buccal pores 
present. 

Occurrence.—Cretaceous (Cenomanian), Mantelliceras mantelli 
(Sowerby) zone; near Fumel, Aquitaine, France. 

Location of type specimen.—Holotype in Lambert Collection, 
Sorbonne, Paris. 


Genus ECHINOLAMPAS Gray 


Echinolampas Gray, 1825. Ann. Philos., vol. 26, p. 429. Type species by subse- 
quent designation, Pomel (1883, p. 62), Echinus oviformis Gmelin. 

Synonyms: ? Aplolampas Lambert; Craterolampas Cotteau; Cylindrolampas 
Lambert; Cypholampas Lambert; Euechinolampas Pomel; Heteroclypeus 
Cotteau; Hypsoclypus Pomel; Hypsoheteroclypeus Szorényi; Isolampas Lam- 
bert; Libyolampas Lambert; Macrolampas Lambert; Merolampas Pomel; 
Miolampas Pomel; Oecidolampas Lambert; Palaeolampas Bell; Planilampas 
Mortensen; Politolampas Lambert; Progonolampas Bittner; Psammolampas 
Lambert; Scutolampas Lambert; Sphelatus Pomel. 


GENERIC DESCRIPTION 


Medium to large forms, often with high test, elongate to circular, 
apical system monobasal, petals moderately developed, sometimes 
lanceolate, open, or closing distally, poriferous zones usually unequal, 
interporiferous zones wide, single pores in ambulacral plates beyond 
petals; periproct inframarginal, transverse, peristome transverse, 
pentagonal ; bourrelets well developed ; phyllodes single pored, usually 
moderately developed, with from two to three series of pores in each 
half-ambulacrum; buccal pores present; tubercles adorally same size 
as adapically; usually narrow naked granular zone in interambula- 
crum 5. 

Comparison with other genera.—Echinolampas differs from Plesto- 
lampas in having a transverse instead of longitudinal periproct, and 
from Parapygus by having less developed petals with narrower 
poriferous zones, and usually a larger, wider test. It differs from 
Rhyncholampas in having an inframarginal periproct, narrower petals, 
and a less developed floscelle. 
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Remarks.—Species of this genus are very abundant in the Tertiary. 
According to Roman (1955, p. 689) there are more than 285 species. 
Because of this large number of species several attempts have been 
made to divide the genus into subgenera or sections. Lambert and 
Thiéry (1921, pp. 377-384; 1924, p. 385) divide the genus into eight 
sections, but these sections are distinguished on variable characters 
as shown by the fact that different specimens of one species have been 
referred to more than one section (see Kier, 1957, p. 848). Morten- 
sen (1948, p. 272) “lumped” many of these sections but still main- 
tained two subgenera and created a new third. It is my opinion that 
all these sections and subgenera are based on characters too variable 
to be of generic distinction. The shape in Echinolampas is so variable 
that, for example, in Echinolampas fraasi De Loriol, specimens of 
different sizes are so different in shape that Checchia-Rispoli referred 
them to three different species, when in reality only one species was 
represented as shown by a study of a large number of specimens from 
one locality (Kier, 1957, p. 852). All these sections and subgenera 
are herein considered synonyms of Echinolampas. I have included 
figures of the phyllodes of several of the type species of these former 
subgenera. 

Santos’ (1958, p. 11) Antsopetalus oliveirai from the Miocene of 
Brazil is an Echinolampas. I have studied the holotype and another 
specimen. This species is an Echinolampas as shown by its infra- 
marginal, transverse periproct. 

Range and distribution.—Eocene—Recent of worldwide distribution. 


DESCRIPTION OF TYPE SPECIES 


ECHINOLAMPAS OVIFORMIS (Gmelin) 
Plate 30, figures 1-4; text figure 90 
Echinus oviformis Gmelin, 1789. Linn. Syst. Nat., ed. 13, p. 3187. 


Material.—One specimen studied at the Museum of Comparative 
Zoology, Harvard. 

Shape.—Large, elongate, greatest width posterior to center, greatest 
height near center, anterior surface steeply sloping, posterior less 
steep, somewhat pointed. Adoral surface pulvinate, sunken around 
peristome. 

Apical system.—Anterior, monobasal, with minute ocular plates. 

Ambulacra.—Petals short, petals II, III, and IV extending over 
one-half distance to margin, petals V and I less than one-half. 
Poriferous zones unequal, right zone of petal III longer than left, 
posterior zones of petals II and IV longer than anterior, and outside 
zones of petals V and I. Interporiferous zones three to four times 


108 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. I44 


width of poriferous zones; petals with tendency to close distally. 
Pores conjugate, outer pore elongated transversely, inner round. 

Periproct—Inframarginal, transverse. 

Peristome.—Anterior, depressed, pentagonal with steep sides. 

Floscelle-—Bourrelets well developed, inflated; phyllodes single 
pored (text fig. 90), in ambulacrum III two series of pores in each 
half-ambulacrum, 8 to Io in each outer series, 4 to 6 in each inner; 
in other ambulacra usually 3 series in each half-ambulacrum with 2 
to 4 pores in a middle series; buccal pores present. 

Occurrence.—Recent of Indian Ocean. 

Location of type specumen.—Unknown. 

Remarks.—Echinolampas ovifornus has been considered by most 
authors as a junior subjective synonym of Echinanthus ovatus Leske. 
As discussed in more detail on page 226, Leske’s figure of his E. ovatus 
is so poor as to make positive identification of it impossible. 


Synonyms of ECHINOLAMPAS 


? Aplolampas Lambert, 1906. Ann. Soc., Alpes-Maritimes, vol. 20, p. 32. Type 
species by monotypy, Echinolampas montevialensis Schauroth. 
Remarks.—Lambert actually erected this genus for the specimens 

that Dames (1878, p. 42) referred to Echinolampas montevialensis. 

In 1918 Lambert made a new species Aplolampas lonigensis for these 

specimens of Dames’s and stated that this new species was the type 

species of his Aplolampas. This action is not valid, however, since 
only the species referred to in the original description can be the 
type species. E. montevialensis must be the type species. Unfor- 
tunately, Schauroth’s figures of this species are very crude, and it 
is not possible to know many of its generic or specific characters. It 
does resemble Echinolampas, and Aplolampas is herein provisionally 
considered a synonym of Echinolampas. Lambert’s A. lonigensis has 
never been well figured either, and its generic affinities are not clear. 


Craterolampas Cotteau, 1891. Pal. franc., éch. Eocéne, vol. 2, p. 186. Type 
species by original designation, Echinolampas raulini Cotteau. 


DESCRIPTION OF TYPE SPECIES 
ECHINOLAMPAS RAULINI Cotteau 
Plate 33, figures 1-4; text figure 94 
Echinolampas raulini Cotteau, 1863. Congrés Sci. France, Sess. Bordeaux, p. 107. 


Material_—One topotypic specimen studied from the Faculté des 
Sciences of the Université de Bordeaux, France. The following 
description is based on this specimen. 
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Fics. 90-94.—90, Echinolampas oviformis (Gmelin) : Phyllode of ambulacrum IV 
of specimen 7249 in the Museum of Comparative Zoology, Harvard, from Pearl 
Shoal, Indian Ocean (living), * 8. 91, Echinolampas depressa Gray: Phyllode of 
ambulacrum II of specimen 8021 in Museum of Comparative Zoology, Harvard, 
from Key Largo, Florida (living), & 15. 92, Echinolampas crassa (Bell) ; Phyllode 
of ambulacrum V of specimen 2727 in the Museum of Comparative Zoology, 
Harvard, from Cape Colony off Kromhont, South Africa, x 8. 93, Echinolampas 
lucae (Desor): Phyllode of ambulacrum IV of specimen 423 in the Museum of 
Comparative Zoology, Harvard, from the Miocene of Corsica, * 5. 94, Echinolampas 
raulins Cotteau: Phyllode of specimen in Faculté des Sciences de Bordeaux, from the 
Eocene, Hastingues (Landes), France, Io (not all the phyllodal pores were 
visible on this specimen). 
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Shape.—Large, 65 mm. long, very elongate, narrow, highly inflated 
with steep sides, posterior margin projecting slightly ; adoral surface 
deeply depressed around peristome. 

Apical system.—Slightly anterior, monobasal, four genital pores. 

Ambulacra.—Petals broad, open, extending two-thirds distance 
from apical system to margin; poriferous zones unequal with 7 more 
pore pairs in posterior poriferous zones of petals II and IV, 14 more 
in anterior zones of petals I and V, distal portion of petal III not 
clear; poriferous zones very narrow; pores conjugate, each pore 
slightly elongated transversely. 

Periproct.—Inframarginal, slightly wider than high. 

Peristome.—Anterior, pentagonal, wider than high, deeply de- 
pressed. 

Floscelle—Bourrelets well developed, vertical walled, curving con- 
vexly into peristome ; phyllodes single pored (text fig. 94) with few 
pores arranged in two series in each half-ambulacrum: six to eight 
in each outer series, two in each inner. Buccal pores present. 

Occurrence.—Middle Eocene, Hastingues (Landes), France. 

Location of type specimen.—At the Sorbonne, according to Cotteau. 

Remarks.—I have not seen Cotteau’s type specimens of E. raulint, 
but have studied a specimen identified as E. raulint by Castex (1930, 
p. 31). This specimen is from the same locality as Cotteau’s types 
and is similar in most of its features to Cotteau’s figures of E. raulini. 
However, its petals are shorter, and its test is narrower. These 
differences may reflect inaccuracy on the part of Cotteau’s artist, or 
may be real. Regardless, this specimen is certainly congeneric with 
Cotteau’s specimens. 

Craterolampas is so similar to Echinolampas that it is herein con- 
sidered a junior subjective synonym. In ‘both genera, the petals are 
open, with narrow, unequal poriferous zones; the peristome is pen- 
tagonal, with well-developed bourrelets and single-pored phyllodes 
with buccal pores; and the test is large and often highly inflated. 
E. raulini differs from most species of Echinolampas in having its 
peristome depressed, and in having a periproct only slightly wider 
than high. Cotteau distinguished it further on the grounds that its 
peristome was rounded and not pentagonal. I suspect that his speci- 
mens did not show the peristome clearly, as this portion of the test 
is not clearly drawn in his figures. It is definitely pentagonal in 
Castex’s specimen. 

Cotteau considered EL. raulini closely related to Conoclypus and 
concluded that until it was known whether or not jaws occurred in 
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this species, it could not be known whether this species was closely 

related to Echinolampas or Conoclypus. The presence of phyllodes 

with buccal pores is evidence that jaws did not occur in E. raulini. 

Cylindrolampas Lambert, 1918. Mém. Soc. Acad. Aube, ser. 3, vol. 55, p. 44. 
Type species by original designation, Echinolampas subcylindricus Desor. 

Cypholampas Lambert, 1906. Ann. Soc. Lett. Sci., Arts Alpes-Maritimes, 
vol. 20, p. 33. Type species by original designation, Clypeaster stelliferus 
Lamarck. 

Euechinolampas Pomel, 1887. Pal. de I’Algeria, p. 127. Type species herein 
designated Echinolampas florescens Pomel. 

Heteroclypeus Cotteau, 1891. Pal. franc. éch. Eocéne, vol. 2, p. 104. Type 
species by original designation, Galerites semiglobus Lamarck. 

Hypsoclypus Pomel, 1869. Revue des échinodermes, p. 25. Type species herein 
designated, Conoclypus lucae Desor (=Conoclypus plagiosomus L. Agassiz). 


DESCRIPTION OF TYPE SPECIES 
ECHINOLAMPAS LUCAE (Desor) 
Plate 30, figure 5; plate 31, figure 1; plate 32, figure 1; text figure 93 


Conoclypus lucae Desor in Agassiz and Desor, 1847. Ann. Sci. Nat., ser. 3, 
Zool., vol. 7, p. 168. 


Material—One specimen studied from the Lambert Collection at 
the Sorbonne, and one from the Museum of Comparative Zoology, 
Harvard. 

Shape-—Very large, subcircular, domed, adoral surface flat. 

Apical system.—Monobasal, with small ocular plates. 

Ambulacra.—Petals long, extending almost to margin, broad, with 
interporiferous zones four times width of poriferous zones; pores 
slightly conjugate, outer pore of pore pair slightly elongated trans- 
versely, inner round; poriferous zones of unequal length: more 
pore pairs in right zone of petal III, posterior zones of petals II and 
IV, and outer zones of petals V and I; petals straight, with no 
tendency to close distally. 

Periproct.—Inframarginal, transverse. 

Peristome.—Slightly anterior, transverse, pentagonal. 

Floscelle—Bourrelets well developed, inflated, vertically sided, 
phyllodes (text fig. 93) well developed, slight broadening near peri- 
stome ; single pored, with many pores arranged in three series in each 
half-ambulacrum: I0 to I2 in each outer series, 6 to 8 in each of 
two inner series. 

Occurrence.—Miocene of Mediterranean countries. 

Location of type specimen.—In Michelin Collection, probably at 
Ecole des Mines, Paris. 


112 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


Remarks.—All authors have considered C. plagiosomus as the type © 


species of Hypsoclypus. However, C. plagiosomus is a junior sub- 

jective synonym of C. Jucae. L. Agassiz’s (1840a, p. 5) Conoclypus 

plagiosomus is a nomen nudum. Agassiz and Desor (1847, p. 168) 

described two species, Conoclypus plagiosomus and Conoclypus lucae, 

and later Desor (1858, p. 322) made C. plagiosomus a junior sub- 

jective synonym of C. lucae. Many authors have stated that C. 

plagiosomus is the type species of Hypsoclypus, but their action has 

not been a valid designation of C. lucae, even though it is a synonym, 

because none of these authors stated in the same publication that C. 

plagitosomus=C. lucae. 

Mortensen (1948, p. 316) is mistaken when he states that there 
are no true phyllodes in Hypsoclypus, and that the pores are arranged 
in single series. The phyllodes are very well developed, being wid- 
ened near the peristome, and with three series of pores in each 
half-ambulacrum. 

This genus cannot be distinguished from Echinolampas. Appar- 
ently the only character that served to distinguish Hypsoclypus, 
other than the mistaken idea that it had no phyllodes, was its great 
size, but a young specimen of the type species would have to be 
referred to Echinolampas. 

Hypsoheteroclypeus Szorényi, 1953. Geol. Hung., ser. Palaeont., vol. 23, p. 76. 
Type species by original designation, Hypsoclypus doma Pomel. 
Remarks.—Szorényi established her Hypsoheteroclypeus as a new 

name for Hypsoclypus and Heteroclypeus, believing that her action 
would reduce the confusion resulting in the use of these latter two 
names. However, since both Hypsoclypus and Heteroclypeus are 
older names, her Hypsoheteroclypeus cannot stand. Echinolampas 
doma is very similar to the Echinolampas lucae (Desor) (=E. pla- 
giosomus (L. Agassiz) and certainly congeneric with it. 

Isolampas Lambert, 1906. Ann. Soc., Alpes-Maritimes, vol. 20, p. 33. Type 
species by original designation, Echinolampas goujoni Pomel. 

Libyolampas Lambert, 1914. Revue paleozool., vol. 18, p. 112. Type species by 
original designation, Echinolampas africanus De Loriol. 

Macrolampas Lambert, 1906. Ann. Soc., Alpes-Maritimes, vol. 20, p. 33. Type 
species by original designation, Clypeaster hemisphericus Lamarck. Drawing 
of a phyllode is included (text fig. 97). 

Merolampas Pomel, 1883. Class. méth., p. 63. Type species, Echinolampas 
mattsensis Quenstedt, by subsequent designation, Lambert (1918, p. 44). 
Miolampas Pomel, 1883. Class. méth., p. 62. Type species, Echinolampas 
depressa Gray, by subsequent designation, Lambert (1918, p. 44). A photo- 


graph of the adapical surface (pl. 31, fig. 2) and a drawing of a phyllode 
(text fig. 91) is included. 
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Ocidolampas Lambert, 1918. Mém. Soc. Acad. Aube, ser. 3, vol. 55, p. 44. Type 
species by original designation, Echinolampas ataxensis Cotteau. 

Palaeolampas Bell, 1880. Proc. Zool. Soc. London, vol. 18, p. 43. Type species 
by monotypy, Palaeolampas crassa Bell. A photograph of the adapical surface 
and floscelle (pl. 31, figs. 3, 4) and a drawing of a phyllode (text figure 92) 
are included. 

Plamlampas Mortensen, 1948. Monogr. Ech., vol. 4, pt. 1, p. 297. Type species 
by original designation, Echinolampas sternopetala Agassiz and Clark. 

Politolampas Lambert, 1918. Mém. Soc. Acad. Aube, ser. 3, vol. 55, p. 45. Type 
species by original designation, Clypeaster politus Lamarck. 

Progonolampas Bittner, 1892. Sitzungsb. Kais. Akad. Wiss., Math.-Nat. Classe, 
vol. 101, Bd. 3, p. 357. Type species by original designation, Progonolampas 
novae-hollandiae Bittner, 1892 (=Echinolampas posterocrassus Gregory, 
1890). 


DESCRIPTION OF TYPE SPECIES 


ECHINOLAMPAS POSTEROCRASSUS Gregory 
Plate 32, figures 5-7; text figure 96 


Echinolampas posterocrassus Gregory, 1890. Geol. Mag., n.s., dec. 3, vol. 7, 
No. 11, p. 483, pl. 13, figs. 4-6. 


Material—Four specimens studied from the U. S. National Mu- 
seum collections. 

Shape.—Medium size, oval, pointed posterior extremity, inflated 
adapical surface, rounded adoral surface with depressed peristome, 
inflated interambulacrum 5; greatest width and height posterior to 
center. 

Apical system.—Anterior monobasal, with large, slightly inflated 
madreporite. 

Ambulacra.—Petals slightly developed, poriferous zones of un- 
equal length with approximately 4 more pore pairs in right poriferous 
zone than in left in petal III, 8 to 10 more in posterior zones of 
petals II and IV, and 10 in outer poriferous zones of petals II and 
V ; pores conjugate, outer pore slightly elongated transversely, inner 
pore round. 

Periproct—Inframarginal, transverse, adoral side of opening 
slightly depressed. 

Peristome.—Anterior, very depressed, pentagonal. 

Floscelle—Bourrelets slightly developed, phyllodes single pored 
(text fig. 96) slightly developed, with eight pores in each outer series, 
two in each inner, little crowding of pores; buccal pores present. 

Occurrence-—Upper Eocene of South Australia. 

Location of type specimen.—British Museum (Natural History). 
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Fics. 95-100.—95, Echinolampas lehoni (Cotteau): Portion of adapical area of holotype in 
Musée Royal d’Histoire Naturelle de Belgique, Brussels, from the Eocene at Saint-Gilles, 
Belgium, approximately X 6. 96, Echinolampas posterocrassus Gregory: Phyllode of ambula- 
crum IIT of USNM 634000, from the Upper Eocene (Aldingian) at Aldinga, South Australia, 
X15. 97, Echinolampas hemisphericus Lamarck: Phyllode of ambulacrum IV of specimen in 
Museum of Comparative Zoology, Harvard, * 8. 98-100, Plesiolampas sp., cf. P. ovalis Duncan 
and Sladen: 98, Phyllode of ambulacrum IV of specimen C4359 in the collections of the Uni- 
versity of California, from the Paleocene Ranikot beds, Baluchistan, 15; 99, adoral plate 
arrangement of same specimen, 2; 100, apical system of specimen C4361, from same local- 


ity, X 15. 
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Remarks.—Lambert and Thiéry (1924, p. 387) considered Pro- 
gonolampas as a subgenus of Echinolampas characterized as having 
simple round, nonconjugate pores. However, the pores are not simple 
(see pl. 32, fig. 5), but are strongly conjugate, with the outer pores 
slightly elongated transversely. I agree with Mortensen (1948, p. 
278) in considering Progonolampas as a synonym of Echinolampas. 

Bittner evidently had not seen Gregory’s paper when he described 
his species P. novae-hollandiae. His species is identical with Greg- 
ory’s FE. posterocrassus. Gregory’s paper was published just two 
years before Bittner’s. 

Psammolampas Lambert, 1913. Mém. Soc. Pal. Suisse, vol. 39, p. 136. Type 
species by original designation, Echinolampas scutiformis Desmoulins. 

Scutolampas Lambert, 1906. Ann. Soc., Alpes-Maritimes, vol. 20, p. 33. Type 
species by original designation, Conoclypus plagiosomus L. Agassiz (=Echino- 
lampas lucae (Desor). 


Sphelatus Pomel, 1883. Class. méth., p. 54. Type species by monotypy, 
Caratomus lehoni Cotteau. 


DESCRIPTION OF TYPE SPECIES 


ECHINOLAMPAS LEHONI (Cotteau) 
Plate 32, figures 2-4; text figure 95 


Caratomus lehoni Cotteau, 1880. Mém. Acad. Roy. Sci., Lett. et Beaux-arts de 
Belgique, vol. 43, p. 25, pl. 2, figs. 14-20. 


Material_—tI studied the holotype, which is the only specimen 
known of this species. 

Shape.—Very small, 9.5 mm. long, marginal outline circular except 
for slight posterior prolongation; highly inflated with steep but 
smoothly curved sides, slight oblique posterior truncation; adoral 
surface smoothly depressed around peristome. 

Apical system.—Anterior, very large relative to size of test, elon- 
gate, monobasal, madreporite elevated, pierced with approximately 
13 pores, no genital pores. 

Ambulacra.—Ambulacrum III not petaloid, petals II and IV short, 
curving anteriorly (text fig. 95), no petaloid pores in anterior porif- 
erous zones, 14 pore pairs in petaloid portions of posterior poriferous 
zones ; petals V and I extending halfway to margin, with slight tend- 
ency to close distally, interporiferous wider than poriferous, taper- 
ing slightly distally ; poriferous zones unequal, right zone of petal I 
with two more pore pairs than left, left zone of petal V with two 
more pore pairs than right; pores conjugate, outer pores slightly 
elongated transversely, inner circular. 
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Periproct.—Inframarginal, large, transverse. 

Peristome.—Anterior, large, transverse, subpentagonal. 

Floscelle—Bourrelets forming a flange around peristome. Phyl- 
lodes not broadened, with slight crowding of pores, single pored; 
buccal pores. 

Tuberculation—Tubercles large, of approximately same size ad- 
orally as adapically, scrobicular ring large, with approximately 15 
scrobicular tubercles in each ring; boss small, perforate. 

Occurrence.—Eocene at Saint-Gilles, Belgium. 

Location of type specimen—Musée Royal d’Histoire Naturelle 
de Belgique, Brussels, Belgium. 

Remarks.—If Cotteau’s description and figures of this species had 
been correct, and if they had been based on adult specimens, then 
Pomel would have been correct in erecting a new genus for it. The 
lack of a petal in ambulacrum III, absence of petaloid pores in the 
anterior poriferous zones of petals II and IV, the high globular test, 
and the five genital plates are characters of sufficient importance to 
distinguish generically this species from any other species known. 
However, these characters either do not occur in this species, or, in 
my opinion, are immature characters which would not be found on 
an adult of this species. Cotteau states in his description that the 
apical system has four genital plates, but in his figure shows five. 
Pomel did not see the specimen, but stated, presumably after study- 
ing Cotteau’s figures, that there were five genital plates. I was able 
to study the holotype, and only known specimen of this species, 
under high magnification, and without doubt the apical system is 
monobasal. I believe that all the other characters that would gener- 
ically distinguish this species are immature and that this species is 
an Echinolampas, and probably an Echinolampas affinis (Goldfuss). 
One would expect a young specimen of an Echinolampas to look 
exactly like the holotype of E. lehoni. The following features of 
E. lehoni are also found in the young of Echinolampas fraasi De 
Loriol as described by Kier (1957, p. 849): The most obvious and 
striking evidence of immaturity is the lack of genital pores. Cotteau 
in his description says that the genital plates are perforated but in 
his figures shows them to be imperforate. I examined the apical 
system with high magnification both dry and immersed in alcohol, 
and there are definitely no genital pores. In EF. fraasi genital pores 
do not occur on any specimens less than 14 mm. long (the holotype 
of E. lehoni is 9.5 mm. long). In E. Ichoni as in the young of 
E. fraasi there are very few madreporic pores, and the apical system 
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is very large relative to the size of the test. The test of E. Ichoni 
is very high as is also the young test of E. fraasi. Further charac- 
ters in E. lehont also found in the young of E. fraasi are the large 
subpentagonal peristome, larger periproct, large tubercles, and slight 
crowding of pores in the phyllodes. The absence of petaloid pores 
in ambulacrum III and the anterior poriferous zones of petals II and 
IV also reflects the immaturity of the specimen of E. lehont. In an 
adult of Echinolampas there are usually less pore pairs in petal III 
and the anterior poriferous zones of petals II and IV. Since any 
inequality in the number of pore pairs must date back to the first 
appearance of the pore pairs, there must be a period in the early 
growth of an Echinolampas when there are no pore pairs in petal ITI, 
and none or few in the anterior poriferous zones of petals II and IV, 
after they have already begun to be formed in the posterior porifer- 
ous zones of petals II and IV. Such is the case in F. lehoni, and 
such was the case in F. fraast. 

Specimens of Echinolampas affinis are very common at the same 
locality where the holotype of F. lehoni was collected. It is probable 
that E. lehont is a young E. affinis, as both have the same shaped 
petals with petals IJ and IV curving anteriorly, and similarly shaped 
periproct and peristome. I have seen only a few specimens of F. 
affims, however, and hesitate to make FE. Ichoni definitely a synonym 
of E. affinis without having studied a growth series. 


Genus PLESIOLAMPAS Duncan and Sladen 


Plesiolampas Duncan and Sladen, 1882. Pal. Indica, ser. 14, vol. 1, p. 9. Type 
species by monotypy, Plesiolampas elongata Duncan and Sladen. 
Synonym: Oriolampas Munier-Chalmas. 


GENERIC DESCRIPTION 


Medium to large size, elongate, low, apical system monobasal ; 
petals long, open, narrow poriferous zones, of unequal length in 
same petal ; single pores in ambulacral plates beyond petals; periproct 
inframarginal, longitudinal; peristome transverse; bourrelets well 
developed, phyllodes single pored, with slight crowding of pores; 
buccal pores present ; tubercles on adoral surface approximately same 
size as on adapical. 

Comparison with other genera—tThis genus is most similar to 
Echinolampas having similar petals, bourrelets, phyllodes, and tuber- 
culation, but differing in having a longitudinal periproct. 

Remarks.—I was unable to study any specimens of the type species 
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but saw a well-preserved specimen of P. placenta Duncan and Sladen 
borrowed from the Exeter Museum, England, 13 specimens of Ple- 
siolampas sp. cf. P. ovalis Duncan and Sladen, from the University 
of California, and many specimens of P. curriae Kier and P. aura- 
duensis Kier in the Sedgwick Museum, Cambridge, England. Photo- 
graphs are included of P. placenta (pl. 34, figs. 1-3) and drawings 
of the phyllodes (text fig. 98), apical system (text fig. 100), and 
adoral plate structure (text fig. 99) in P. sp. cf. P. ovalis. As dis- 
cussed in Kier (1957, p. 855) there has been some controversy over 
whether the tubercles were perforate crenulate or imperforate non- 
crenulate in this genus, but there is no doubt that they are perforate 
crenulate in all the species. 

Range and distribution—Paleocene to Eocene of India, Africa, 
Europe, and Tasmania. 


Synonym of PLESIOLAMPAS 


Oriolampas Munier-Chalmas, August 1882. Bull. Soc. Géol. France, ser. 3, 
vol. 10, p. 369; pro Neolampas Munier-Chalmas (1879) non Neolampas 
A. Agassiz (1869). Type species by monotypy, Amblypygus muchelini Cotteau 
(in Cotteau and Leymerie, 1856). 


Remarks.—I have not seen any specimens of the type species, but 
there is no doubt from a study of Cotteau’s figures that this species 
is congeneric with the type species of Plesiolampas. Munier-Chalmas 
did not know of Duncan and Sladen’s Plesiolampas when he pub- 
lished his Oriolampas later in the same year. 


Genus CONOLAMPAS A. Agassiz 


Conolampas A. Agassiz, 1883. Mem. Mus. Comp. Zool., vol. 10, No. 1, p. 48. 
Type species by monotypy, Conoclypus sigsbei A. Agassiz. 


GENERIC DESCRIPTION 


Large, high, circular outline, adoral surface flat; apical system 
monobasal, petals long, straight, with narrow poriferous zones, pores 
slightly conjugate, ambulacral plates beyond petals single pored; 
periproct inframarginal, transverse ; peristome pentagonal; bourrelets 
well developed, phyllodes single pored with many pores arranged in 
three series in each half-ambulacrum ; buccal pores. 

Comparison with other genera.—Conolampas is very similar to 
Echinolampas and is perhaps a synonym of it. It differs only in hav- 
ing narrower, straighter poriferous zones in its petals. 

Range.—Recent. 
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DESCRIPTION OF TYPE SPECIES 


CONOLAMPAS SIGSBEI (A. Agassiz) 
Plate 34, figures 8, 9 


Conoclypus sigsbei A. Agassiz, 1878. Bull. Mus. Comp. Zool., vol. 5, p. 190, 
pis: 5,2: 


Material—Many specimens studied at the Museum of Compara- 
tive Zoology, Harvard, and one in the U. S. National Museum. 

Shape.—Very large, circular in marginal outline, very high, adoral 
surface flat. 

Apical system.—Central, monobasal. 

Ambulacra.—Petals long, straight, extending almost to margin, 
broad with interporiferous zones three to four times width of porifer- 
ous zones, petals with no tendency to close distally ; poriferous zones 
narrow with pore equal, round, not conjugate or just slightly con- 
jugate ; zones of unequal length, more pore pairs in right zone of 
petal III, posterior zones of petals II and IV, and outer zones of 
V and I. 

Periproct.—Inframarginal, transverse. 

Peristome.—Central to slightly posterior, pentagonal, transverse. 

Floscelle.—Bourrelets well developed, inflated, vertically sided; 
phyllodes single pored, broad, with many pores arranged in three 
series in each half-ambulacrum. 

Occurrence.—Living in the West Indies. 

Location of type specimen.—Museum of Comparative Zoology, 
Harvard. 


Family FAUJASIDAE Lambert, 1go5a 


Small to large, often broad, circular to elongate, flat adoral sur- 
face; apical system anterior, tetrabasal, or monobasal, four genital 
pores; periproct supramarginal to inframarginal, often with anal 
groove; peristome central to anterior; petals equal, broad, closed 
(except in Australanthus), outer pore slitlike, pores strongly con- 
jugate, single pore in all ambulacral plates beyond petals; bourrelets 
strongly developed ; phyllodes usually greatly widened, single pored, 
with few to many pores, buccal pores present; tubercles larger 
adorally, naked granular zone in interambulacrum 5. 

Genera.—Petalobrissus, Stigmatopygus, Pygidiolampas, Gongro- 
chanus, Pygurostoma, Lefortia, Faujasia, Eurypetalum, Domechinus, 
Fauraster, Hardouinia, Australanthus. 

Range.—Upper Cretaceous (Cenomanian) to Eocene. 
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Remarks—The Faujasidae are distinguished by their strongly 
developed bourrelets, usually broad phyllodes, and broad petals. 


Genus PETALOBRISSUS Lambert 


Petalobrissus Lambert, 1916b. Mém. Soc. Acad. Aube, vol. 80, p. 82. Type 
species, Echinobrissus setifensis Cotteau, by original designation. 


GENERIC DESCRIPTION 


Small to medium, elongate, somewhat inflated, adoral surface 
flattened to slightly pulvinate ; apical system anterior, tetrabasal, four 
genital pores ; petals broad, equal, poriferous zones of same petal of 
equal length with conjugate pores; periproct supramarginal to mar- 
ginal, longitudinal; peristome anterior, pentagonal, wider than high; 
bourrelets strongly developed, inflated, projecting; phyllodes broad, 
single pored, with two series of pores in each half-ambulacrum; 
buccal pores present; narrow naked area in median region in inter- 
ambulacrum 5 adorally. 

Comparison with other genera.—Petalobrissus is similar to Phyl- 
lobrissus in the shape of its test, general petal arrangement with equal, 
broad petals, supramarginal, longitudinal periproct, and tetrabasal 
apical system. It differs from Phyllobrissus in its much more de- 
veloped bourrelets, single-pored phyllodes, and in having buccal pores. 
Petalobrissus is probably a descendant of Phyllobrissus as shown by 
its more advanced phyllodes, and presence of buccal pores. As would 
be expected, it occurs later in the Cretaceous than Phyllobrissus. 

Petalobrissus appears to be an ancestor of Hardouinia. It is very 
similar to some of the more primitive species of Hardouinia and has 
very similar phyllodes. It differs in having an anterior peristome and 
less prominent bourrelets. 

Remarks.—Lambert considered this genus as only a subgenus of 
Clypeopygus. Although somewhat similar in general appearance, they 
are generically distinct. Clypeopygus is a more primitive form, with 
double-pored phyllodes and lacking buccal pores. It occurs earlier 
in the Cretaceous, although Lambert and Thiéry (1921, pp. 348-349) 
list many species that occur in the Turonian and Senonian. I have 
seen specimens of four of these species, and in every case they have 
single-pored phyllodes with buccal pores and should be referred to 
Petalobrissus and not Clypeopygus. One of these species, Petalo- 
brissus trigonopygus (Cotteau) is so similar to the type species of 
Petalobrissus that it could almost be considered conspecific with it. 
I have included a photograph (pl. 15, fig. 10) and a drawing of a 
phyllode (text fig. ror) of this species. Petalobrissus djelfensis 
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retaceous (Turonian) at Abu Roash, West Cairo, Egypt, X 15. 105, Petalobrissus neltneri (Lambert): Phyl- 
le of ambulacrum II of holotype in the Lambert Collection, Sorbonne, Paris, from the Cretaceous (Cenoma- 
an), at Msouma, 2} km. east of J’Adouz, Algeria, X 10. 106, Petalobrissus cubensis (Weisbord): Phyllode 
ambulacrum III of USNM 131265, from the Upper Cretaceous (Senonian) at Rio Seco, Medina County, 
ee OX 10. 
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(Gauthier), another post-Cenomanian species that Lambert and 
Thiéry refer to Clypeopygus, is certainly a Petalobrissus. I have 
studied the holotype in the Lambert Collection at the Sorbonne and 
include photographs (pl. 16, figs. 1-3) of the specimen and a drawing 
(text fig. 102) of one of its phyllodes. Its petals are very similar to 
P. setifensis and it has single-pored phyllodes with buccal pores. It 
is probable that none of the post-Cenomanian species that Lambert 
and Thiéry refer to Clypeopygus belong to that genus. 

Lambert’s (1931, p. 31) Procassidulus neltnert from the Ceno- 
manian of North Africa is also a Petalobrissus. I studied the holo- 
type in the Lambert Collection at the Sorbonne, and include new 
photographs (pl. 17, figs. 1-3) of it and a drawing of one of its 
phyllodes (text fig. 105). Its petals and floscelle are very similar to 
Petalobrissus setifensis, and its supramarginal periproct is similar 
in location to the periproct in Petalobrissus djelfensis (Gauthier). It 
is easily distinguished from Procassidulus (herein considered a syno- 
nym of Rhynchopygus) by its larger test and much more developed 
petals and phyllodes. 

I have examined many of the Texan specimens referred by Cooke 
(1953, p- 17) to Phyllobrissus cubensis (Weisbord), and if these 
specimens are conspecific with Weisbord’s holotype, this species 
should be referred to Petalobrissus. The phyllodes are single pored 
(text fig. 106), not double pored as in Phyllobrissus, the pores in 
the petals are more conjugate, the periproct is more supramarginal, 
and buccal pores are present. I include a drawing (text fig. 107) of 
the adoral plate arrangement. 

Lambert’s (1936, p. 5) Petalobrissus burckhardti from the Se- 
nonian of Mexico looks more like a Rhynchopygus. Its small, elon- 
gate, flattened test with flush, slightly developed petals and weak 
phyllodes is typical of Rhynchopygus not Petalobrissus. 

Fourtau’s Echinobrissus ammonis and E. lefebvrei have single- 
pored phyllodes and should not be referred either to Echinobrissus 
(a junior objective synonym of Nucleolites) as done by Fourtau 
or to Clitopygus (=Nucleolites) as done by Lambert and Thiéry 
(1921, p. 346). They are herein referred to Petalobrissus. I was 
able to study the type specimens of these two species, and since 
Fourtau did not describe many of the important details of them, I 
have included a redescription and new photographs and drawings 
below. 

Range and distribution—Cretaceous (Cenomanian to Senonian) 
of North Africa and America. 


NO: 3 CASSIDULOID ECHINOIDS—KIER 123 


PETALOBRISSUS AMMONIS (Fourtau) 


Plate 16, figures 7-9; text figure 103 


Echinobrissus ammonis Fourtau, 1914. Cat. invertébrés foss. Egypte, terr. 
Crétacés, échinodermes, p. 49, pl. 4, figs. 8, 9. 


Material.—I studied Fourtau’s figured specimens. The specimen 
figured in his plate 4, figure 9, is herein designated the lectotype. 
Both specimens are poorly preserved, being partially silicified and 
fractured. 

Shape.—Small, lectotype 20.4 mm. long, paratype 25.5 mm.; elon- 
gate, anterior margin smoothly rounded, posterior, blunted to slightly 
grooved ; greatest width posterior to center; adapical surface inflated 
along median with greatest height at apical system or posterior, sides 
sloping gently to margin; adorally very depressed. 

Apical system.—Anterior, apparently tetrabasal but sutures not 
clear due to silicification; madreporite large, extending posteriorly 
separating posterior ocular plates, occupying large central area; four 
genital pores. 

Ambulacra.—Petals broad, well developed, equal, lanceolate, tend- 
ency to close distally, interporiferous zones at greatest width twice 
width of poriferous zones, tapering distally; poriferous zones with 
greatest width at midlength, pores conjugate, outer pore elongated, 
situated oblique to round inner pores. 

Periproct.—Supramarginal, opening approximately two-thirds dis- 
tance from apical system to posterior margin, in deep narrow groove 
extending to margin. 

Peristome.—Anterior, deeply depressed, pentagonal, slightly higher 
than wide. 

Floscelle-—Bourrelets slightly inflated, oblique; phyllodes slightly 
widened, single pored (text fig. 103) with pores in two series in each 
half-ambulacrum, approximately eight in each outer series, two or 
three in each inner; buccal pores present. 

TuberculationOwing to poor preservation, details of tubercu- 
lation not clear. 

Occurrence.—Upper Cretaceous (Turonian), head of Wadi Tarfa, 
Egypt. 

Location of type specimen.—Lectotype and paratype (25410, F 
357) in Geological Museum, Cairo, Egypt. 
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PETALOBRISSUS LEFEBVREI (Fourtau) 
Plate 16, figures 4-6; text figure 104 


Echinobrissus lefebvrei Fourtau, 1914. Op. cit., p. 52, pl. 4, fig. 12. 


Material.—One specimen, the holotype, was studied. Although part 
of the specimen is fractured, with portions of the test absent, all the 
important characters are preserved. 

Shape.—Medium size, holotype 34.2 mm. long; test elongate with 
smoothly rounded anterior margin, posterior margin with slight 
truncation at anal groove, sides expanding posteriorly, with greatest 
width posterior to center; adapical surface inflated, with greatest 
height posterior to center ; adoral surface depressed around peristome. 

Apical system.—Anterior, tetrabasal, madreporite very large, oc- 
cupying large central area, extending posteriorly, widely separating 
posterior ocular plates, other genital plates small. 

Ambulacra.—Petals broad, equal, medium length, with slight tend- 
ency to close distally. Interporiferous zones slightly wider than 
poriferous, tapering slightly distally. Poriferous zones wide, tapering 
distally, outer pore very elongated, almost slitlike, situated obliquely 
distal to slightly elongated inner pore; conjugate. Single pores in 
plates beyond petals. 

Periproct—Supramarginal, between midway and two-thirds dis- 
tance from apical system to posterior margin, oval longitudinally, in 
deep, narrow groove, broadening slightly posteriorly, extending to 
margin. 

Peristome.—Anterior, depressed, pentagonal, wider than high. 

Floscelle—Bourrelets well developed, swollen, vertically sided. 
Phyllodes slightly widened, single pored (text fig. 104), with pores 
arranged in two series in each half-ambulacrum, approximately eight 
in each outer series, four in each inner except in ambulacrum III, 
where two or three; buccal pores present. 

Tuberculation.—Tubercles larger adorally, slight naked sternal zone 
in interambulacrum 5. 

Occurrence—Upper Cretaceous (Turonian), Aubu Roash, West 
Cairo, Egypt. 

Location of type specimen.—Holotype (25408, F 363) in Geo- 
logical Museum, Cairo, Egypt. 
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DESCRIPTION OF TYPE SPECIES 


PETALOBRISSUS SETIFENSIS (Cotteau) 
Plate 16, figure 10-13; text figures 108, 109 


Echinobrissus setifensis Cotteau, 1866. Rev. Mag. Zool., ser. 2, vol. 18, 
pp. 267-268, pl. 14, figs. 13-15. 


Material.—I studied six specimens in the Muséum National d’His- 
toire Naturelle, Paris, and one in the U. S. National Museum. 

Shape.—Small, 20 to 30 mm. long, elongate, subangular in mar- 
ginal outline, greatest width posterior to center, greatest height an- 
terior; adapical surface inflated, with posterior slightly truncated 
obliquely ; adoral surface flat to slightly pulvinate. 

Apical system.—Anterior, tetrabasal, four genital pores (text fig. 
108), posterior genital plates not in contact. 

Ambulacra.—Petals well developed, broad, lanceolate equal, closing 
distally ; poriferous and interporiferous zones tapering distally ; pores 
conjugate, outer pore elongated transversely, inner round. 

Periproct—On lower edge of slight oblique, posterior truncation, 
supramarginal with opening slightly visible from above, longitudinal. 

Peristome.—Anterior, wider than high, pentagonal. 

Floscelle-—Bourrelets strongly developed, inflated, projecting into 
peristome; phyllodes (text fig. 109) broad, single pored with two 
series of pores in each half ambulacrum: 10 to 12 pores in each outer 
series, 4 or 5 in each inner; buccal pores present. 

Occurrence—Upper Cretaceous (Maestrichtian) of Dra-Toumi, 
Kef Matrek, south of Medjes, Mahdid, Djebel Mzeita, Department 
of Constantine, Algeria. 

Location of type specimen.—According to Cotteau (1866, p. 263) 
the type specimen is in the Coquand Collection. I do not know where 
this collection is. 


Genus STIGMATOPYGUS d’Orbigny 
Stigmatopygus d’Orbigny, 1856. Pal. franc., Crétacé, vol. 6, p. 331. Type 


species, Stigmatopygus galeatus d’Orbigny by subsequent designation, Lambert 
and Thiéry (1921, p. 363). 


GENERIC DESCRIPTION 


Medium to large size, elongate to broad, inflated adapical surface, 
flattened adoral; apical system tetrabasal, petals broad, equal, closed, 
conjugate pores, ambulacral plates beyond petals single pored ; peri- 
proct supramarginal, longitudinal, high on oblique posterior trunca- 
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Fics. 107-112.—107, Petalobrissus cubensis (Weisbord): Adoral plate arrangement of USNM 1312652, fro 
the Upper Cretaceous (Senonian) at Rio Seco, Medina County, Tex., X 2, 108, 109. Petalobrissus setifensis C 
teau): 108, Apical system of specimen in Muséum National d’Histoire Naturelle, Paris, from the Upper C 
taceous (Maestrichtian) at Kef el Matrek, south of Medjes, Dept. of Constantine, Algeria, X 15; 109, phy 
lode of ambulacrum I of USNM 131261 from the Upper Cretaceous (Maestrichtian) at El Kantara, Algerié 
15. 110, 111, Stigmatopygus lamberti Besairie: 110, Apical system of specimen in collection of General Collignor 
from the Upper Cretaceous (Campanian) at Gres Andrakaraka, Madagascar, X 10; III, floscelle of same speci 
men, X 3. 112, Pygidiolampas eurynota Clark: Phyllode of holotype (No. 3540) in the Museum of Comparativ 
Zoology, Harvard, probably from the Upper Cretaceous (Campanian) from the Peedee formation, South Caro 
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tion, deep transverse groove ventral to opening; peristome anterior, 
pentagonal; bourrelets strongly developed, pointed; phyllodes very 
broad, deeply depressed between bourrelets, single pored with two 
series of pores in each half-ambulacrum: approximately 12 in each 
outer series, 6 in each inner; buccal pores present. 

Comparison with other genera.—Stigmatopygus is quite similar to 
Hardouinia. In both genera the test is large, highly inflated, with 
supramarginal periproct, broad, closed equal petals, flat adoral surface 
with very prominent bourrelets, and broad phyllodes. Both genera 
occur in the Upper Cretaceous and are certainly closely related. 
Stigmatopygus is distinguished from Hardouinia by the deep trans- 
verse groove ventral to its periproct, and by its anterior peristome. 

Apparently these two genera occurred in the same type of environ- 
ment as is indicated not only by their morphological similarities, but 
by their occurrence in rocks of strikingly similar lithology. According 
to personal communication with M. Collignon, specimens of Stig- 
matopygus lamberti Besairie occur in Madagascar in great numbers 
in a very coarse sandstone that is almost devoid of other fossils. 
Hardouinia mortonis (Michelin) occurs in southeastern United States 
in rocks of similar lithology. As discussed in detail on page 22, this 
echinoid probably lived in a high-energy, littoral environment. 

Range.—Cretaceous (Cenomanian to Senonian) of Africa and 
Europe. 

Remarks.—I was unable to find any specimens of the type species, 
S. galeatus, in any of the Paris museums. According to d’Orbigny 
(1856, p. 333) the holotype, presumably the only specimen known, 
was in the D’Archiac Collection. According to Lambert and Jeannet 
(1928, p. 102), the D’Archiac Collection is not intact, as he sold 
many of his specimens. 

I have been able to study many specimens of Stigmatopygus 
lamberti Besairie, a species very similar to S. galeatus and certainly 
congeneric with it. I include a description and figures of this species 
as a substitute for a description of the type species. 


STIGMATOPYGUS LAMBERTI Besairie 
Plate 20, figures 5-8; text figures 110, IIT 
Stigmatopygus lamberti Besairie, 1930. Bull. Soc. Hist. Nat. Toulouse, vol. 60, 
p. 572, pl. 13, figs. 1-8. 
Material—General Collignon very kindly lent me 103 specimens 
from his personal collection. Two specimens were studied in the 
Muséum National d’Histoire Naturelle, Paris. 
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Shape—Medium to large, larger specimens 65 mm. long, elongate 
to broad, width less than length ; adapical surface highly inflated with 
greatest height posterior to center, gently sloping anterior surface, 
steeply sloping, slightly truncated posterior surface; adoral surface 
flat. 

Apical system.—Slightly anterior, tetrabasal (text fig. 110), genital 
2 extending posteriorly separating posterior genital plates; four 
genital pores. 

Ambulacra.—Petals broad, equal, closed, with broad tapering inter- 
poriferous and poriferous zones ; conjugate pores, outer pore slitlike, 
inner slightly elongated transversely. 

Periproct—Supramarginal, high on oblique posterior truncation, 
between one-half and two-thirds distance from apical system and 
posterior margin ; longitudinal, forming notch in overhanging dorsal 
surface. Deep, broad depression ventral to periproct, extending lat- 
erally across test. 

Peristome.—Anterior, pentagonal, wider than high, flush with 
adoral surface. 

Floscelle—Bourrelets strongly developed, jutting into peristome, 
toothlike. Phyllodes (text fig. 111) broad, deeply depressed between 
bourrelets, single pored with two series of pores in each half ambula- 
crum, approximately 12 pores in each outer series, 5 or 6 in each 
inner. Buccal pores widely separated from edge of peristome. 
Sphaeridia in two series in middle of ambulacrum. 

Tuberculation—Tubercles considerably larger on adoral surface 
than on adapical; midzone of interambulacrum 5 with no tubercles 
adorally. 

Occurrence-——Upper Cretaceous (Upper Campanian), Andra- 
karaka sandstone, near Andrafiavelo (Maintirano), Madagascar. 

Location of type specimen.—Unknown. 

Remarks.—I suspect that the periproct is not keyhole or flask 
shaped in S. galeatus as described and figured by d’Orbigny. Forbes 
(1846, pl. 19, fig. 1b—plates published in 1856) showed a similarly 
shaped periproct in Stigmatopygus elatus (herein considered Gon- 
grochanus herschelianus), but as first pointed out by Stoliczka (1873, 
p. 27) and confirmed by my own examination of the holotype (see 
pl. 10, fig. 6), the periproct is round to oval, but has a broad, trans- 
verse depression ventral to it which, when combined with it, gives the 
appearance of a flask-shaped periproct. The periproct in S. lamberti 
is very similar in appearance. Probably in d’Orbigny’s specimen of 
S. galeatus the depressed area ventral to the periproct was partially 
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filled with matrix giving the impression that it was part of the 
periproct. In many of the specimens of S. lamberti I studied, the 
periproct appeared to be flask shaped for the same reason. 


Genus PYGIDIOLAMPAS Clark 


Pygidtolampas Clark, 1923. Bull. Mus. Comp. Zool., vol. 65, p. 345. Type 
species by original designation, Pygidiolampas eurynota Clark. 


GENERIC DESCRIPTION 


Medium length, broad, circular except for pointed posterior margin, 
adapical surface inflated, adoral flat or slightly depressed; apical 
system tetrabasal; petals broad, equal, closed, with very wide inter- 
poriferous zones, tapering distally, pores conjugate, outer pore slit- 
like, ambulacral plates beyond petals single pored; periproct infra- 
marginal, very small, longitudinal; peristome central, pentagonal ; 
bourrelets strongly developed, toothlike; phyllodes single pored, 
greatly broadened, with pores arranged in two series: outer series in 
arc with approximately 10 pores in each series, inner series with few 
pores, all pores widely separated from peristome ; buccal pores present. 

Comparison with other genera—This genus is very similar to 
Hardouinia. Both genera have broad, equal closed petals, high, circu- 
lar tests, and both have strikingly similar floscelles with strongly 
developed, toothlike bourrelets and broad phyllodes with the pores 
arranged in arclike fashion around the peristome. The genera are 
distinguished from each other by the location of the periproct. In 
Hardouinia the periproct is supramarginal, whereas in Pygidiolampas 
it is inframarginal. 

Lambert and Thiéry (1925, p. 587) considered Pygidiolampas a 
synonym of Pygurus (their Echinopygus). However, they did not 
see any specimens of Pygidiolampas, but based their decision on 
Clark’s inadequate illustrations. Pygidiolampas is quite distinct from 
Pygurus as shown by the great difference in their phyllodes. The 
phyllodes in Pygurus are double pored and the pores are not arranged 
in arcs as in Pygidiolampas, and there are no buccal pores, whereas 
they are present in Pygidiolampas. Clark considered his genus similar 
to Echinolampas, but in the petals in Echinolampas the outer pore of 
a pore pair is not slitlike as in Pygidiolampas, the petals are never 
as wide, the phyllodes do not have their pores arranged in arcs, and 
the bourrelets are never toothlike. 

Remarks—Morton’s (1834) Clypeaster geometricus was referred 
by Cooke (1953, p. 14) to Pygurostoma and later (1955, p. 98) 


130 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


questionably referred to Faujasia. There is no doubt that this species 
is congeneric and probably conspecific with Pygidiolampas eurynota. 
They are identical in all characters. If more and better specimens 
of the species were available, | am certain they would prove to be 
conspecific. Specimens of the two species have been collected in 
rock of approximately the same age. Pygidiolampas eurynota was 
supposed to have been collected in the Miocene at the Grove Planta- 
tion, Cooper River, near Charleston, S. C. However, the matrix in 
the holotype is a glauconitic sandstone, whereas the other echinoids 
collected at the Grove Plantation are preserved in a yellow marl. 
According to Dr. Norman Sohl, who is the authority on this region, 
this glauconitic sandstone is identical to that found in the Campanian 
Peedee formation. The specimen of Pygidiolampas geometricus was 
collected at what was reported to be the Marshalltown formation at 
the north side of the Chesapeake and Delaware Canal, 2,000 feet 
east of the railroad bridge. Later workers (Groot, Organist, and 
Richards, 1954) have considered this locality to be either Navesink 
or Mt. Laurel. According to Stephenson et al. (1942) and confirmed 
by Dr. Sohl in personal communication, these two formations are 
equivalent in age to the Peedee formation. 

Range and distribution—Upper Cretaceous (Campanian) of South 
Carolina and Delaware. 


DESCRIPTION OF TYPE SPECIES 
PYGIDIOLAMPAS EURYNOTA Clark 
Plate 20, figures 2-4; text figure 112 


Pygidiolampas eurynota Clark, 1923. Bull. Mus. Comp. Zool., vol. 65, pp. 346- 
348, text fig. 2. 


Material—The holotype and only known specimen was studied. 

Shape-——Medium size, holotype 46 mm. long, marginal outline 
circular except for pointed posterior; adapical surface inflated, 
adoral flat. 

Apical system.—Central to slightly anterior, tetrabasal. 

Ambulacra—Petals broad, equal, extending over two-thirds dis- 
tance to margin, closed, with very wide interporiferous zones tapering 
distally ; poriferous zones wide with outer pore of pore pair slitlike, 
inner slightly elongated transversely, pores conjugate. 

Pertproct—Inframarginal, very small, longitudinal. 

Peristome.—Central, pentagonal. 

Floscelle-—Bourrelets strongly developed, projecting into peristome, 
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toothlike, phyllodes single pored, broad, deeply depressed between 
bourrelets, with pores arranged in two series (text fig. 112) in each 
half-ambulacrum: outer series arclike with approximately 10 pores, 
inner series linear with 3 pores; buccal pores and phyllodal pores 
widely separated from edge of peristome. 

Occurrence—Upper Cretaceous (Campanian) probably from the 
Peedee formation, South Carolina. 

Location of type specimen.—Holotype (No. 3540) in the Museum 
of Comparative Zoology, Harvard. 

Remarks.—The peristome region (pl. 20, fig. 3) in the holotype 
is misshapen near the posterior ambulacrum, and the phyllode in 
ambulacrum I is absent. This distortion is not due to poor preserva- 
tion but is a pathological abnormality. 


GONGROCHANUS Kier, new name 


pro Cyrtoma M’Clelland, 1840. Calcutta Journ. Nat. Hist. vol. 1, No. 2, p. 185; 
non Cyrtoma Meigen, 1824, a dipter. Type species, Cyrtoma herscheliana 
M’Clelland. 


GENERIC DESCRIPTION 


Large, broad, adapical surface highly inflated with posterior region 
obliquely truncated; adoral surface flat to slightly depressed ; apical 
system tetrabasal, three genital pores in the type species; petals 
broad, approximately equal, in type species petal III is slightly longer 
than the others; interporiferous zones broad, tapering distally, pore 
pairs conjugate, outer pore slitlike, inner round to slightly elongated 
transversely, ambulacral plates beyond petals single pored ; periproct 
supramarginal, longitudinal, in notch with groove extending ventrally 
to margin; peristome central, wider than high; bourrelets strongly 
developed, jutting into peristome, toothlike; phyllodes very broad, 
single pored, with many pores arranged in each half-ambulacrum 
in two regular series with many pores irregularly scattered between 
these two series; prominent bulge occurring in median area of each 
ambulacrum ; buccal pores near edge of peristome. 

Comparison with other genera.—This genus is very similar to Stig- 
matopygus. Both Lambert and Thiéry (1921, p. 364) and Mortensen 
(1948, p. 217) considered it a synonym of the latter. It is similar 
in its general shape, petal arrangement, and position of periproct, 
but its floscelle is sufficiently different to warrant generic distinction. 
In the phyllodes in Gongrochanus herschelianus there are almost 70 
pores in a half-ambulacrum, arranged in two regular series with 
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many pores scattered irregularly between these two series, whereas 
in S. lamberti and S. galeatus there are one-quarter as many pores 
and all of them are in two regular series. An even more striking 
feature in Gongrochanus herschelianus is the prominent bulge in the 
median area of each phyllode. This feature is not present on any 
of the species of Stigmatopygus, or as far as I know, in any other 
echinoid. 

Range and distribution—Upper Cretaceous (Senonian) of India. 


DESCRIPTION OF TYPE SPECIES 


GONGROCHANUS HERSCHELIANUS (M’Clelland) 
Plate 19, figures 4-6; plate 20, figure I; text figure 118 


Cyrtoma herscheliana M’Clelland, 1840. Calcutta Journ. Nat. Hist., vol. 1, 
No. 2, pp. 185-187, pl. 5, figs. 1-3. 


Material.—I studied the three syntypes of Forbes’ (1846, p. 162, 
pl. 19, fig. 1, published in 1856) Nucleolites elatus, a junior subjective 
synonym of Gongrochanus herschelianus. These specimens are in 
the British Museum (Natural History). Specimen No. E 42324 is 
herein designated the lectotype of Forbes’ species. His figures are 
a reconstruction, as none of the three specimens shows all the char- 
acters depicted on one of his figures. All the specimens are poorly 
preserved, being badly weathered and fractured. 

Shape.—Large, elongate to broad, highly inflated, with flat or 
slightly depressed adoral surface. 

Apical system.—Slightly posterior to slightly anterior to center, 
tetrabasal, according to Stoliczka (1873, p. 28) only three genital 
pores, no pore in genital 2. 

Ambulacra.—Petals broad, closed, petal III longer than others. 
Interporiferous zones broad, tapering distally ; pores conjugate, outer 
pore slitlike, inner round to slightly elongated transversely. 

Periproct.—Supramarginal, in groove forming notch, extending 
to posterior margin, opening longitudinal to circular. 

Peristome.—Central, wider than high. 

Floscelle-—Bourrelets strongly developed, jutting into peristome, 
toothlike. Phyllodes very broad, with many single pores arranged 
regularly in two series in each half-ambulacrum with many pores 
scattered irregularly between these series: approximately 26 pores 
in each outer series, 15 in each inner (text fig. 118) and 26 irregu- 
larly scattered between; pores widely separated from edge of peri- 
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stome. Buccal pores near peristome. Prominent bulge occurring 
longitudinally in median area of each phyllode (pl. 20, fig. 1). 

Tuberculation—Tubercles on adoral surface much larger than 
those on adapical; no tubercles in median area of interambulacrum 5 
adorally. 

Occurrence.—Upper Cretaceous (Senonian), Arrialoor group, in 
southern India. 

Location of type specimen.—Unknown. 

Remarks.—Forbes (1846), d’Orbigny (1856, p. 333), and Sto- 
liczka (1873) apparently were unaware of M’Clelland’s description 
of Gongrochanus herschelianus when they described or referred to 
Gongrochanus elatus, a species which is certainly conspecific with it. 
According to Stoliczka, the species is very variable, with smaller 
specimens being more elongate and lower than larger specimens. It 
was this variability that caused M’Clelland to erect seven species for 
specimens which probably belong to the same species (see Das-Gupta, 
TO21, Pp. 207): 

Mortensen (1948, text fig. 195) shows a posterior view of Gongro- 
chanus herschelianus which he cites as being copied from d’Orbigny 
(1856, pl. 929). d’Orbigny in his text says that the species is figured 
on his plate 929, but this is an error, for Pygorhynchus obovatus is 
figured there. Mortensen’s figure must have been copied from Forbes 
(1846, pl. 19, fig. 1b, published in 1856). 


Genus PYGUROSTOMA Cotteau and Gauthier 


Pygurostoma Cotteau and Gauthier, 1895. Mission scientifique en Perse par 
J. de Morgan, vol. 3, pt. 2, Paléontologie, p. 51. Type species by monotypy, 
Pygurostoma morgani Cotteau and Gauthier. 


GENERIC DESCRIPTION 


Medium to large, elongate, low ; apical system anterior, tetrabasal ; 
periproct marginal to inframarginal, longitudinal; peristome trans- 
verse pentagonal; petals broad, equal, closed, conjugate pores; am- 
bulacral plates beyond petals single pored; bourrelets well developed ; 
phyllodes broad, single pored, with many pores, buccal pores small, 
widely separated from edge of peristome. 

Comparison with other genera—Pygurostoma is quite distinct 
from the other genera in the family Faujasidae. Its floscelle, how- 
ever, is very similar to that found in Gongrochanus, having many 
single pores and strongly developed bourrelets, but Pygurostoma 
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differs in having a marginal to inframarginal periproct, and a low, 
very elongate test. 

Range and distribution—Upper Cretaceous (Senonian) of Persia 
and Guatemala. 


DESCRIPTION OF TYPE SPECIES 


PYGUROSTOMA MORGANI Cotteau and Gauthier 


Plate 10, figures 1-3; text figure 117 


Pygurostoma morgam Cotteau and Gauthier, 1895. Mission scientifique en 
Perse par J. de Morgan, vol. 3, pt. 2, Paléontologie, p. 52, pl. 8, figs. 1-5. 


Material.—One topotypic specimen studied from the Lambert Col- 
lection, at the Sorbonne, and one in the Muséum National d’Histoire 
Naturelle, Paris. 

Shape-—Medium to large (65 mm. long), elongate, with slightly 
pointed posterior margin, low, greatest width posterior to center, 
greatest height at center; adoral surface slightly depressed. 

Apical system.—Slightly anterior, tetrabasal, four genital pores. 

Ambulacra.—Petals broad, equal, flush with test, extending two- 
thirds distance to margin, with broad interporiferous zones; petal III 
open, all other petals closing distally; poriferous zones broad, taper- 
ing distally, pores conjugate, outer pore slitlike, inner pore slightly 
elongated transversely, zones of equal length. 

Periproct—Marginal to inframarginal, longitudinal, very narrow. 

Peristome.—Anterior, pentagonal, wider than high. 

Floscelle.—Well developed (see pl. 19, fig. 3). Bourrelets strongly 
inflated, toothlike ; phyllodes very broad (text fig. 117), deeply de- 
pressed between bourrelets, single pored with many pores: approxi- 
mately 15 in each outer series, 25 scattered irregularly in inner area 
in each half-ambulacrum. Buccal pores small, widely separated from 
peristome edge. Sphaeridia in two rows in middle of ambulacrum. 

Occurrence-—Upper Cretaceous (Senonian) of Persia. 

Location of type specimen.—Not found by this author. 

Remarks.—This species has always been considered as having a 
monobasal apical system. On the specimen I studied in the Muséum 
National d’Histoire Naturelle only a portion of the system was 
visible, but without any doubt it was tetrabasal. 


Genus LEFORTIA Cossman 


Lefortia Cossman, 1901 (January). Rev. crit. paléozool., vol. 5, p. 58. Type 
species by monotypy, Pomelia delgadot De Loriol. 


136 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


GENERIC DESCRIPTION 


Small, low, broad, flat adoral surface; apical system tetrabasal, 
with genital pores in normal position in genital plates; petals long, 
broad, equal, closing distally ; ambulacral plates beyond petals single 
pored; periproct marginal, small, longitudinal; peristome anterior, 
circular with height equal to width; bourrelets strongly developed, 
toothlike, phyllodes broad, single pored, few pores arranged in two 
series in each half-ambulacrum, pores widely separated from peri- 
stome ; buccal pores on edge of peristome. 

Comparison with other genera—Lambert and Thiéry (1921, p. 
363) considered Lefortia a subgenus of Procassidulus. L. delgadoi 
resembles the type species of Procassidulus (=Rhynchopygus), R. 
lapiscancri (Leske), in having a flattened adoral surface, well- 
developed bourrelets, broad, single-pored phyllodes, and a tetrabasal 
apical system. It differs from R. lapiscancri in having a marginal 
instead of supramarginal periproct, a larger test, and more pro- 
nounced petals. 

Lefortia resembles Eurypetalum but differs in having a marginal, 
longitudinal periproct as opposed to an inframarginal, transverse 
periproct. Fauwjasia differs from Lefortia in having its genital pores 
in the interambulacra, monobasal apical system, and an inframarginal, 
transverse periproct. In Domechinus the apical system is monobasal, 
and the periproct transverse rather than longitudinal. 

Remarks.—Cooke (1953, p. 17) described a new species of 
Lefortia, L. trojana, from the Maestrichtian of Mississippi. This 
species is very similar to the type species, L. delgadoi, and is with- 
out doubt congeneric. Cooke described its apical system as being 
monobasal, but I have cleaned the type specimen and found plate 
sutures around the genital plates showing it to be tetrabasal. 

Range and distribution.—Cretaceous (Senonian) of Europe, India, 
Madagascar, and America. 


DESCRIPTION OF TYPE SPECIES 
LEFORTIA DELGADOI (De Loriol) 
Plate 18, figures 9-12; text figures 115, 116 


Pomelia delgadoi De Loriol, 1900. Rev. Suisse Zool., vol. 8, p. 67, pl. 6, 
figs. 6-8. 


Material—De Loriol’s four cotypes were studied. The specimen 
he figured in his plate 6, figure 6, is herein designated the lectotype. 
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Shape.—Small, lectotype 22 mm. long, low, broad, with width 
almost equal to length, with greatest width and height posterior to 
center; posterior margin very slightly pointed, anterior smoothly 
round, 

Apical system.—Anterior, tetrabasal (text fig. 115), madreporite 
large, other genital plates small, with left anterior pore eccentric 
anteriorly. 

Ambulacra.—Petals strongly developed, broad, equal in length, ex- 
tending two-thirds distance from apical system to margin, interporif- 
erous zones more than three times width of poriferous zones, petals 
closing distally; poriferous zones depressed, pores conjugate. 

Periproct.—Small opening, marginal, longitudinal. 

Peristome.—Anterior, opening small, round. 

Floscelle.—Bourrelets strongly developed, pointed ; phyllodes (text 
fig. 116) single pored, broad, with six to seven pores in each outer 
series, two in each inner; pores widely separated from peristome. 
Buccal pores minute, on edge of peristome. 

Ornamentation.—Naked zone in median tract of interambulacrum 
5 on adoral surface. Tubercles larger adorally than adapically. 

Occurrence.—Upper Cretaceous (Senonian) Azinhaga de Pinhal 
de Laura (Hira), Portugal. 

Location of type specimen.—Servicos Geologicos de Portugal, 
Lisbon. 


Genus FAUJASIA d’Orbigny 


Faujasia d’ Orbigny, 1856, Pal. franc., Crétacé, vol. 6, pp. 290, 314. Type species, 
Pygurus apicalis Desor by subsequent designation, Lambert and Thiéry (1921, 
Pp. 273). 


GENERIC DESCRIPTION 


Small to medium, elongate to broad, high or low, blunted anterior 
margin, pointed posterior, adoral surface flat or depressed; apical 
system apparently monobasal, four genital pores, with pores in inter- 
ambulacra, widely separated from apical system by small interambu- 
lacral plates; petals short, broad, equal, closed, with broad tapering 
interporiferous zones, narrow poriferous zones with conjugate pores, 
outer pores greatly elongated transversely ; ambulacral plates beyond 
petals single pored ; periproct inframarginal, small, transverse; peri- 
stome anterior, small; bourrelets strongly developed, toothlike, jut- 
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ting; phyllodes single pored with few pores, arranged in arc distinct 
from peristome; buccal pores near peristome. 

Comparison with other genera.—Faujasia differs from all other 
cassiduloids in having its genital pores in the interambulacra. It is 
most similar to Eurypetalum, having similar short, broad, closed 
petals, a pointed posterior margin, inframarginal periproct, and 
pointed bourrelets. 

Remarks.—As pointed out by Cooke (1953, p. 13), the type species 
should have been Faujasia faujasu by virtual tautonomy. However, 
since I*. apicalis was designated the type species before any author 
called attention to the tautonomy, it must remain the type species. 

The generic concept of Faujasia is herein restricted. In the type 
species, the apical system and the phyllodes are so distinct from those 
in all the other species that have been referred to Faujasia, except 
Faujasia eccentripora Lees (1928, p. 661), that it should not be 
considered congeneric with them. These other species are referred 
herein to a new genus Eurypetalum. In F. apicalis the apical system 
is most unusual in that the genital pores are widely separated from 
the apical system, occurring deep in the interambulacra, between the 
petals, with small interambulacral plates occurring between the pores 
and the apical system. In the other species formerly referred to 
Faujasia the apical system is normal, with the genital pores in the 
genital plates. Furthermore, in F. apicalis the apical system is prob- 
ably monobasal, whereas it is definitely tetrabasal in the other species. 
The phyllodes in J*. apicalis have very few pores, and they are 
arranged in an arc, whereas in the other species formerly referred 
to Faujasia there are many more pores, and they are arranged in 
two series in each half-ambulacrum. 

Evidently, the apical system in F. eccentripora is very similar to 
that in F. apicalis. The pores are widely separated from the rest of 
the apical system, although Lees says that they are in the genital 
plates. Evidently, he just presumed that the genital plates extended 
out between the petals and included the genital pores, for he states 
in his description that he was unable to see any plate sutures. Un- 
fortunately, he does not figure the phyllodes, and without this infor- 
mation his species can be referred only tentatively to Faujasia. 

Range and distribution—Upper Cretaceous (Maestrichtian) of 
western Europe and probably Arabia. 


ad 
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DESCRIPTION OF TYPE SPECIES 


FAUJASIA APICALIS (Desor) 


Plate 17, figures 9-11; text figures 113, 114 


Pygurus apicalis Desor, in Agassiz and Desor, 1847, Ann. Sci. Nat., ser. 3, 
Zool., vol. 7, p. 162. 


Material—Five specimens studied in the U. S. National Museum. 

Shape.—Small (25 mm. long), subangular marginal outline, blunted 
anteriorly, pointed posteriorly, greatest width posterior to center. 
Adapically highly inflated, apex pointed, with greatest height an- 
terior, at apical system ; adorally flat. 

Apical system.—Anterior, four genital pores, with pores located 
in interambulacra, separated from apical system by small interambu- 
lacral plates (text fig. 113) ; apparently monobasal, madreporic pores 
occurring in whole central area; ocular plates very small. 

Ambulacra.—Petals inconspicuous, flush, equal, closed, short, ex- 
tending approximately one-half distance from apical system to mar- 
gin; interporiferous zones broad, tapering, greatest width one-third 
distance from apical system to end of petal; poriferous zones narrow, 
with conjugate pores, outer pore greatly elongated transversely, inner 
pore round to slightly elongated. 

Periproct—Supramarginal, very small, transverse. 

Peristome.—Anterior, small, slightly higher than wide, pentagonal. 

Floscelle-—Bourrelets strongly developed, toothlike, jutting into 
peristome (pl. 17, fig. 11); phyllodes broad, deeply depressed be- 
tween bourrelets, single pored, in arclike arrangement with few pores, 
10 to 12 in whole phyllode (text fig. 114) pores widely separated 
from peristome ; buccal pores near edge of peristome. 

Ornamentation.—Tubercles on adoral surface considerably larger 
than those on adapical; adorally, no large tubercles in median tract 
in interambulacrum 5. 

Occurrence.—Upper Cretaceous (Maestrichtian) of Belgium and 
Holland. 

Location of type specimen.—Unknown; according to Desor, in 
the collection of the Marquis of Northampton. Sherborn (1940, 
p. 35) says that the collection of the second Marquis of Northampton 
(S. J. A. Compton) was transferred from Castle Ashby in 1878 to 
Northampton Museum. 
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EURYPETALUM Kier, new genus 


Type specites—Echinolampas faujasi: Desmoulins. 


GENERIC DESCRIPTION 


Test medium size, elongate, blunted anterior margin, pointed pos- 
terior, adapical surface moderately inflated, adoral surface flattened ; 
apical system tetrabasal, anterior, four genital pores in genital plates ; 
petals broad, conspicuous, closed, equal, conjugate pores, outer pore 
greatly elongated transversely, ambulacral plates beyond petals single 
pored ; periproct inframarginal, small, transverse ; peristome anterior, 
pentagonal, width approximately equal to height; bourrelets well de- 
veloped, rounded; phyllodes broad, single pored, with two series of 
pores in each half-ambulacrum. 

Comparison with other genera.—This genus is similar to Faujasia 
in its shape and petal arrangement, but is distinguished from that 
genus by its apical system, which is tetrabasal, with the genital pores 
in normal position in the genital plates, whereas in Faujasia the 
apical system is probably monobasal, with its genital pores not in the 
apical system, but in the interambulacra. If d’Orbigny’s (1856, 
pl. 923, fig. 2) figure of the phyllodes in Eurypetalum faujasu is 
correct, this genus can be further distinguished by the more numerous 
pores in its phyllodes than in F. apicalis. Eurypetalum is somewhat 
similar to Lefortia, but differs in having a transverse, inframarginal 
periproct as opposed to the marginal, longitudinal periproct in 
Lefortia. It differs from Domechinus in that this latter genus has a 
monobasal apical system and a much h{gher test. 

Range and distribution.—Upper Cretaceous (Senonian) of France, 
Belgium, and Holland. 


DESCRIPTION OF TYPE SPECIES 


EURYPETALUM FAUJASII (Desmoulins) 
Plate 17, figures 7, 8 


Echinolampas faujasii Desmoulins, 1837. Etudes sur les éch., p. 346. 


Material—_Two specimens (one topotypic) studied in the Museum 
of Comparative Zoology at Harvard, and one in the d’Orbigny Col- 
lection at the Muséum National d’Histoire Naturelle, Paris. All the 
specimens are internal casts. 

Shape.—Medium size, adults 35 to 40 mm. long, elongate, with 
gently curved anterior margin, pointed posterior, greatest width 
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posterior to center; adapical surface low, adoral flattened but slightly 
depressed around peristome. 

Apical system.—Sutures visible on specimen studied in d’Orbigny 
Collection, definitely tetrabasal, with four genital pores in genital 
plates, genital 2 extending posteriorly, separating posterior genital 
plates. 

Ambulacra.—Petals well developed, conspicuous, broad, equal, 
closed, with broad, tapering interporiferous zones. Pores conjugate, 
outer pore greatly elongated transversely. 

Periproct—Small, inframarginal, transverse. 

Peristome.—Slightly anterior, pentagonal, width equal to height. 

Floscelle-—Bourrelets well developed, jutting prominently. Phyl- 
lodes not visible on any specimens studied but according to d’Or- 
bigny’s figure, single pored with two series of pores in each half- 
ambulacrum. Buccal pores probably present. 

Occurrence——Upper Cretaceous (Maestrichtian) of France and 
Holland. 

Location of type specimen.—Unknown. 


DOMECHINUS Kier, new genus 


Type species.—Faujasia chelonium Cooke. 


GENERIC DESCRIPTION 


Medium size, elongate, blunted anterior margin, pointed posterior, 
adapical surface inflated, adoral flat; apical system monobasal with 
four genital pores; petals conspicuous, broad, equal, closed, con- 
jugate pores, ambulacral plates single pored beyond petals ; periproct 
marginal or slightly inframarginal, small, transverse; peristome 
slightly anterior, small, pentagonal; bourrelets strongly developed, 
toothlike; phyllodes single pored, two series of pores in each half- 
ambulacrum, six to eight pores in each outer series, only one or two 
pores in each inner ; buccal pores present. 

Comparison with other genera-—Domechinus is quite similar to 
Faujasia, Lefortia, and Eurypetalum. Its monobasal apical system 
distinguishes it from Lefortia and Eurypetalum. Furthermore, in 
Lefortia the periproct is longitudinal, whereas in Domechinus it is 
transverse. Faujasia differs in its peculiar apical system with the 
genital pores in the interambulacra. 

Cooke (1955, p. 98) referred Domechinus chelonium to Pygurus. 
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However, in Pygurus the phyllodes are double pored with no buccal 
pores and the apical system is tetrabasal. 
Range and distribution——Upper Cretaceous ( Maestrichtian) , Texas. 


DESCRIPTION OF TYPE SPECIES 


DOMECHINUS CHELONIUM (Cooke) 


Plate 18, figures 1-5 


Faujasia chelonium Cooke, 1953. U. S. Geol. Surv. Prof. Pap. 254-A, p. 14, 
pl. 4, figs. 11-14. 


Material—Only one specimen, the holotype, is known of this 
species. It is a well-preserved specimen showing the apical system 
and phyllodes. 

Shape-—Medium size, holotype 30.5 mm. long, broad, width 
slightly less than length, anterior margin gently rounded, sides 
straight, posterior pointed ; adapically highly inflated with steep sides; 
adorally flat to slightly depressed. 

Apical system.—Slightly anterior, monobasal, with four genital 
pores. 

Ambulacra.—Petals conspicuous, broad, equal, closed, interpo- 
riferous zones extremely wide, tapering distally, poriferous zones 
narrow with conjugate pores, outer pore slightly elongated trans- 
versely, inner circular. 

Periproct—Marginal to inframarginal, transverse, very small. 

Peristome.—Anterior, small, pentagonal, width equaling height. 

Floscelle—Bourrelets strongly developed, pointed (pl. 18, fig. 5), 
toothlike, jutting into peristome; phyllodes broad, single pored, with 
pores in two series in each half-ambulacrum: five to seven in each 
outer series, two in each inner ; pores widely separated from peristome ; 
buccal pores on edge of peristome. 

Tuberculation——Tubercles very small on both adapical and adoral 
surfaces; smaller on median tract of interambulacrum 5, adorally. 

Occurrence.—Upper Cretaceous (Maestrichtian), Escondido for- 
mation, Texas. 


Location of type specimen.—U. S. National Museum. 


Genus FAURASTER Lambert 


Fauraster Lambert, in Lambert and Thiéry, 1924. Ess. nom. rais., p. 396. Type 
species by original designation, Fauraster priscus Lambert. 
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GENERIC DESCRIPTION 


Small, flattened; apical system central, tetrabasal; petals equal, 
broad, closed, wide interporiferous and poriferous zones; pores con- 
jugate, outer pore slitlike, ambulacral plates single pored beyond 
petals; periproct supramarginal, very broad, with groove extending 
to posterior margin; peristome anterior; bourrelets strongly devel- 
oped, pointed, toothlike; phyllodes unknown but probably single 
pored. 

Comparison with other genera.—Fauraster is similar to Faujasia 
in having short, closed, equal, petals, a flat adoral surface, and tooth- 
like bourrelets, but is easily distinguished from it by its supramarginal 
rather than inframarginal periproct, and by its more flattened test. 
Fauraster and Hardouinia have similar petals, a supramarginal peri- 
proct, and toothlike bourrelets, but the test in Hardouinia is much 
more elevated. 

Range.—Upper Cretaceous (Maestrichtian) of Spain—only one 
species known. 


DESCRIPTION OF TYPE SPECIES 


FAURASTER PRISCUS Lambert 
Plate 18, figures 6-8 


Fauraster priscus Lambert, in Lambert and Thiéry, 1924. Ess. nom. rais., 
pp. 396-397. Described and figured in Lambert, 1927, pp. 39, 40, pl. 3, figs. 


1-4. 
Material_—One specimen, the holotype, was studied. This speci- 
men is very poorly preserved, being fractured and partly covered 
with matrix, and is evidently the only specimen known of this species. 
Shape—Small, holotype 23 mm. long, test greatly flattened with 
sharp margins; marginal outline angularly circular with width ap- 
proximately equal to length; adoral surface flat. 

Apical system.—Central, tetrabasal. 

Ambulacra.—Petals equal length, short, extending slightly more 
than half distance to margin, closed, broad with broad tapering inter- 
poriferous zones, and broad poriferous zones nearly as wide as inter- 
poriferous zones; conjugate with outer pore slitlike, inner pore 
elongated transversely. 

Periproct—Supramarginal, very wide and low, dorsally overhung 
by upper surface, with flat, broad groove extending from ventral 
edge of opening to posterior margin. 

Peristome.—Anterior, small, no other details visible. 
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Floscelle-—Bourrelets strongly developed, toothlike, extending into 
peristome; phyllodes deeply depressed between bourrelets, broad, no 
other details visible but probably single pored and similar to those 
found in Faujasia or Hardouinia. 

Occurrence.—Upper Cretaceous (Maestrichtian) at Orrit, Cata- 
lonia, Spain. 

Location of type specimen.—Lambert Collection, Sorbonne, Paris. 

Remarks.—The holotype is not as well preserved as would appear 
from a study of Lambert’s figures of it. The adoral surface is almost 
completely covered with matrix, with only a tip of several bourrelets 
visible. Lambert’s figure of the floscelle is largely a reconstruction, 
and his representation of the structure of the phyllodes may not be 
correct. The apical system had never been described, although Mor- 
tensen (1948, p. 126) suggested that it was probably monobasal, but 
it is visible on the holotype and is definitely tetrabasal. 


Genus HARDOUINIA Haime 


Hardouinia Haime, in D’Archiac and Haime, 1853. Descr. animaux foss. Inde, 
p. 214. Type species by monotypy, Pygorhynchus mortonis Michelin. 

Synonyms: Clarkiella Lambert; Cossmannaster Lambert; Gonioclypeus 
Emmons. 


GENERIC DESCRIPTION 


Medium to large, elongate to circular, often highly inflated, flat 
adorally, apical system tetrabasal; petals very broad, closed, usually 
of equal length, pores strongly conjugate, ambulacral plates beyond 
petals single pored; periproct supramarginal, longitudinal, in groove ; 
peristome central to slightly anterior, pentagonal to circular ; bourre- 
lets strongly developed, usually projecting into peristome, often tooth- 
like; phyllodes moderately wide to very wide, single pored, pores in 
one or two series in each half-ambulacrum, often arranged in arc, 
widely separated from edge of peristome, deeply depressed between 
bourrelets ; buccal pores present ; adorally tubercles much larger than 
adapically, naked granular zone in middle of interambulacrum 5 and 
ambulacrum II. 

Comparison with other genera——Hardouinia appears to be de- 
scended from Petalobrissus. The older species of Hardouinia such as 
H. stanton (Clark) and H. bassleri (Twitchell) are quite similar to 
some of the species of Petalobrissus. They have very similar phyl- 
lodes, slightly widened with two series of pores in each half-ambula- 
crum, a supramarginal, longitudinal periproct, and a similarly shaped 
test. However, the bourrelets in these older species of Hardouinia 
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are more developed, and the peristome is more central. The later 
species of Hardouinia have much wider, shorter phyllodes with even 
more developed bourrelets and are easily distinguished from Petalo- 
brissus. 

Hardowina is similar to Stigmatopygus in the shape of its test, 
position of periproct, prominent bourrelets, and phyllodes, but differs 
from it by the absence of a deep transverse groove ventral to the 
periproct, a central peristome, and generally broader petals. 

Lambert and Thieéry (1921, p. 361) consider Hardouinia a subgenus 
of Procassidulus (herein considered a synonym of Rhynchopygus). 
This genus, however, is quite distinct from Rhynchopygus, having a 
much larger, more inflated test, and much broader petals. Lambert 
and Thiéry give the age of all the American species they refer to this 
genus as Eocene or Oligocene, but they are all Upper Cretaceous. 

Cooke (1953, p. 19) considered Australanthus a synonym of Har- 
douinia, but in Australanthus the petals are more open and generally 
narrower, the apical system is monobasal, and the phyllodes are nar- 
rower with far fewer pores. 

Evolution—tThe species of this genus range from the Turonian to 
the Maestrichtian, with a conspicuous evolutionary trend in the struc- 
ture of the phyllodes and the bourrelets. The phyllodes become 
broader, shorter, with fewer pores in the inner series. This reduction 
of pores in the inner series is away from the peristome with the first 
pore in the inner series progressively becoming more widely separated 
from the peristome. In order to avoid subjective selection of species 
which would favor confirmation of this trend, I have studied the 
phyllodes of all the known species of Hardouinia, in which this area 
is preserved. They are all figured on chart 7. The age determinations 
on the species were made by Dr. Norman F. Sohl of the U. S. Geo- 
logical Survey, who has made detailed studies in the stratigraphy of 
the Upper Cretaceous in the region where these species occur. 

In the earliest known species, H. stantoni (Clark) from the Turo- 
nian, the phyllodes (chart 7, fig. a) are slightly widened, long, with 
two series of pores in each half-ambulacrum, with numerous pores 
in the inner series. In the Santonian species, H. bassleri (Twitchell) 
(chart 7, fig. b), the phyllodes are considerably wider and shorter 
with approximately the same number of pores in the inner series as 
in H, stantont. In H. clypeus Cooke, also of Santonian age, the phyl- 
lodes (chart 7, fig. c) are of similar width and length as H. bassleri, 
but there are more pores in the outer series and they are irregularly 
arranged. In H. potosiensis Lambert, from the Campanian, the phyl- 
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lodes (chart 7, fig. d) are even wider, and shorter, with fewer pores 
in the inner series; and the first pore of the inner series is more 
distant from the peristome than in the earlier H. bassleri. In the 
Lower Maestrichtian species, H. mortonis (Michelin) and H. por- 
rectus (Clark), the phyllodes (chart 7, figs. e, f{) are much shorter 
and wider and the inner series more reduced with only one to three 
pores in each series. In the lower-middle Maestrichtian species H. 
meglameryae Cooke, H. kellumi (Stephenson) and H. aequorea (Mor- 
ton), the phyllodes (chart 7, figs. g-i) are similar, but in the latest 
known species, H. emmonsi (Stephenson), the inner series (chart 7, 
fig. }) is practically absent and the phyllodal pores are arranged in an 
are. 

There appears to be an evolutionary trend in the structure of the 
apical system. In the Santonian species H. bassleri (text fig. 119) the 
madreporite is much smaller and the other genital plates larger than in 
the later species such as H. potosiensis (text fig. 120), H. mortonis 
(text fig. 121), H. porrectus (text fig. 122), and H. kellumi (text 
fig. 123). Unfortunately, the apical system is not visible in the oldest 
species, the Turonian H. stanton. It is probable that there is a trend 
with an increase in the size of the madreporite and a decrease in the 
other genital plates, but the apical system must be seen on all the species 
in order to confirm this trend. 

Remarks.—Weisbord’s Clypeopygus habanensis is herein referred 
to Hardouinia (see p. 70 for discussion). 

Range and distribution—Upper Cretaceous (Turonian to Mae- 
strichtian) of the United States, Mexico, and Cuba. 


DESCRIPTION OF TYPE SPECIES 


HARDOUINIA MORTONIS (Michelin) 


Plate 21, figures I-4; text figures 121, 124; chart 7, figure e 
Pygorhynchus mortonis Michelin, 1850. Rev. Mag. Zool., ser. 2, vol. 2, p. 240. 


Material_—Seventy-five specimens studied in the U. S. National 
Museum. 

Shape-—Medium to large, average specimen 50 to 55 mm. long; 
circular in outline except for pointed posterior; highly inflated; ad- 
orally depressed or flat. 

Apical system.—Slightly anterior, tetrabasal, (text fig. 121) sutures 
difficult to see ; madreporite very large, posteriorly extending between 
ocular plates V and I, other genital plates very small. 

Ambulacra.—Petals very well developed, broad, equal length, clos- 
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ing distally ; interporiferous zones three to four times width poriferous 
zones ; pores conjugate, connected by deep groove, outer pore slitlike, 
inner pore slightly elongated transversely. 

Adoral interambulacra.—Single plate at peristome, preceded by two 
series of alternating plates (text fig. 124), second plate in this series 
greatly enlarged. 

Periproct.—Supramarginal, slightly elongated longitudinally, groove 
originating at periproct continuing to posterior margin of test. 

Peristome.—Central to slightly anterior, circular opening. 

Floscelle——Bourrelets (pl. 21, fig. 4) very strongly developed, 
toothlike ; phyllodes broad, single pored, with pores arranged in arc, 
ambulacrum deeply depressed near peristome; phyllode of ambula- 
crum IT shorter than others ; approximately 18 pores in phyllode III, 
22 in phyllodes II and IV, 16 in phyllodes V and I (chart 7, fig. e). 

Tuberculation.—Adorally tubercles much larger than adapically ; 
naked granular zone in interambulacrum 5. 

Occurrence.—Upper Cretaceous (Middle Maestrichtian) of south- 
eastern United States. 

Location of type specimen.—Verneuil Collection, which according 
to Sherborn (1940, p. 137) is in the Ecole des Mines, Paris. 


Synonyms of HARDOUINIA 


Gonioclypeus Emmons, 1858. North Carolina Geol. Surv. Rep., Agriculture of 
the eastern countries, p. 309. Type species by monotypy, Gonioclypeus su- 
bangulatus Emmons 1838=Hardouinia mortonis (Michelin). 


Fics. 119-127——119, Hardouima bassleri (Twitchell): Apical system of 
USNM 108382, from the Santonian, Tombigbee sand member of the Eutaw 
formation at Catoma Creek, Montgomery County, Ala., & 21. 120, Hardowinia 
potosiensis Lambert: Apical system of USNM 131281, from the Campanian at 
St. Luis Potosi, Mexico, X 6. 121, Hardouinia mortonis (Michelin): Apical 
system of USNM 131257, from lower Maestrichtian, 2.1 miles south of Pontotoc 
Courthouse, Miss., X 6. 122, Hardouwinia porrectus (Clark): Apical system of 
USNM 21800, from lower Maestrichtian (Ripley formation) at bluff on right 
bank of Chattahoochee River near old Alexander Landing, NW3 sec. 9, T. 9 N., 
R. 29 E., Barbour County, Ala., « 6. 123, Hardouinia kelhumi (Stephenson) : 
Apical system of USNM 73421, paratype, from the lower Middle Maestrichtian 
from the upper part of the Peedee formation, Rock Point Quarries, 1 mile 
northeast of Rocky Point station, Pender County, N. C., & 6. 124, Hardouinia 
mortonis (Michelin): Adoral plate arrangement of USNM 131282, from the 
lower Maestrichtian, Ripley formation, from bluffs of Chattahoochee River 
1o miles south of Eufaula, Ala.. X 1. 125, 126, Archiacia palmata Gauthier: 
125, Apical system of holotype in Muséum National d'Histoire Naturelle, Paris, 
from the Cretaceous (Cenomanian) at Djebel Taferma, Tunisia: 126, Phyllode 
of ambulacrum IV of specimen in Lambert Collection, Sorbonne, Paris, from the 
Cretaceous (Cenomanian), Djebel Oum-Ali, Tunisia, «15. 127, Archiacia 
saadensis Peron and Gauthier: Phyllode of ambulacrum II of specimen in 
Lambert Collection, Sorbonne, Paris, from the Cretaceous (Cenomanian) at 
Bou Saade, Tunisia, X 8. 
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Clarkiella Lambert, 1916a. Rev. crit. palaeozoologie, vol. 20, p. 169. Type 
species by subsequent designation Lambert and Thiéry (1921, p. 369), Cassidu- 
lus conoideus Clark (in Clark and Twitchell, 1915)—=Cassidulus hemisphericus 
Slocum, 1909, Lambert (1920b, p. 138) proposed a substitute name, Cossman- 
naster, for Clarkiella, thinking the latter to be a junior homonym of Clarkella 
Walcott, 1908, a brachiopod. The two names, however, are not spelled the 
same, and Clarkiella is not a junior homonym. 


DESCRIPTION OF TYPE SPECIES 


HARDOUINIA HEMISPHERICA (Slocum) 


Plate 21, figures 6-10 


Cassidulus hemisphericus Slocum, 1909. Field Mus. Nat. Hist., Geol. ser., vol. 4, 
No. I, p. 7, pl. 1, figs. 7-9. 


Material—Holotype and a figured specimen studied. 

Shape.—Medium size, circular in marginal outline, highly inflated, 
almost as high as long; sides vertical, adoral surface flat; sutures 
depressed. 

Apical system.—Anterior, tetrabasal. 

Ambulacra.—Petals well developed, broad, closing distally, of equal 
length, extending almost to margin; interporiferous zones wide, twice 
width of poriferous zones ; poriferous zones broad, slightly depressed, 
pores conjugate, outer pore elongated transversely, slitlike; inner 
round. 

Periproct—Marginal, low on vertical posterior margin, small, 
longitudinally elongated. 

Peristome.—Anterior, shape not known. 

Floscelle-—Bourrelets strongly developed, probably pointed and 
toothlike ; phyllodes single pored, broad, pores arranged in two series 
in each half-ambulacrum; approximately eight pores in each outer 
series, two in each inner series; buccal pores present. 

Occurrence-—Upper Cretaceous (Late Maestrichtian) of south- 
eastern United States. 

Location of type specimen.—Chicago Museum of Natural History, 
P. 10347. 

Remarks.—All authors have considered Clarkiella as a separate 
genus, although Cooke (1953, p. 18) suggested that it might prove 
to be either a synonym or subgenus of Hardouinia. Mortensen sep- 
arated it because of what he considered to be its distinctive apical 
system. However, its apical system is very similar to that found in 
the type species of Hardouinia, H. mortonis, and it has no genital 5 
as suggested by Mortensen. 
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Genus AUSTRALANTHUS Bittner 


Australanthus Bittner, 1892. Sitzungsb. Kais. Akad. Wiss., vol. IOI, p. 350. 
Type species by original designation, Cassidulus longianus Gregory. 
Medium size, oval, moderately inflated; apical system monobasal ; 

petals short, broad, open, strongly conjugate, with equal poriferous 
zones, ambulacral plates beyond petals single pored; periproct supra- 
marginal, longitudinal, narrow ; peristome pentagonal ; bourrelets very 
prominent, sharply inflated; phyllodes single pored with few pores; 
buccal pores present ; adorally tubercles much larger, except for wide 
naked zone in interambulacrum 5s. 

Comparison with other genera.—Australanthus is similar to Har- 
dowinia in having an inflated test, a supramarginal periproct, promi- 
nent, pointed bourrelets, and phyllodes with few pores. It differs in 
having a monobasal apical system. 

Mortensen (1948, p. 222) considered Australanthus congeneric 
with Procassidulus and maintained Procassidulus even though it is 
junior. Mortensen was not aware that Rhynchopygus lapiscancri, the 
type species of Procassidulus has a tetrabasal apical system which 
immediately distinguishes it from A. longianus. Furthermore, its 
test is much smaller, and its petals and bourrelets much less 
developed. 

Lambert and Thiéry (1921, p. 363) refer four other species to 
Australanthus, all from the Senonian. One of them, Gabb’s Cassidu- 
lus micrococcus, is a Hardouinia. I have not seen any specimens of 
the other three species, but according to Stoliczka’s (1873, pp. 31, 32) 
descriptions of his Cassidulus crassus and C. emys their apical sys- 
tems are tetrabasal, and therefore these two species should not be 
referred to Australanthus. The fourth species, Cotteau’s Cassidulus 
muniert, is supposed to be Senonian according to Lambert and Thiéry, 
although Cotteau (1887, p. 515) says it is from the Lower Eocene. 
It resembles Australanthus, but without seeing specimens of it and 
without knowing the structure of its phyllodes, I hesitate to refer it 
to this genus. 

Range and distribution—Upper Eocene of Australia. 


DESCRIPTION OF TYPE SPECIES 
AUSTRALANTHUS LONGIANUS (Gregory) 
Plate 27, figures 1-4 

Cassidulus longianus Gregory, 1890. Geol. Mag., n.s., dec. 3, vol. 7, No. 11, 

p. 482, pl. 13, figs. 1-3. 

Material.—F our specimens studied in the British Museum (Natural 
History), two in the Lambert Collection, Sorbonne, Paris, and eight 
in the U. S. National Museum. 
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Shape-—Medium size, up to 50 mm. long, oval with smoothly 
rounded marginal outline, steep sides, slightly flattened adapical sur- 
face, with greatest width and height posterior to center. 

Apical system.—Anterior, monobasal, large central area perforated 
with madreporic pores, oculars small. 

Ambulacra.—Petals open, short, extending between one-half and 
two-thirds distance to margin; petal III longer than paired petals; 
interporiferous zones slightly narrower than poriferous zones; pores 
strongly conjugate, outer pore very elongate transversely, inner pore 
slightly elongated. All petals flush with test. Suture between am- 
bulacra plates passing through pores. Poriferous zones of same petal 
of equal length. 

Adoral interambulacra.—Single large plate in each interambula- 
crum at peristome, preceded by pairs of slightly alternating plates of 
nearly equal size. 

Periproct—Supramarginal, midway between apical system and 
margin, opening very narrow, longitudinal, in a long narrow groove 
extending to posterior margin. 

Peristome.—Anterior, pentagonal, width equaling height. 

Floscelle—Bourrelets very prominent, sharply inflated, toothlike. 
Phyllodes depressed, widened, single pored, very few pores, four in 
each outer series, only one occluded pore in each phyllode, occurring 
in right half-area in ambulacrum III, anterior in ambulacrum II 
and IV, and posterior in I and V; buccal pores present. 

Tuberculation——Tubercles much larger adorally, with bosses ec- 
centric anteriorly in large, deep scrobicules; naked area in inter- 
ambulacrum 5, ambulacrum III. 

Occurrence.—Upper Eocene of Australia. 

Location of type specimen.—British Museum (Natural History). 


Family ARCHIACIDAE Cotteau and Triger, 1869 


Medium size, elongate, highly inflated; apical system tetrabasal, 
very anterior, four genital pores; periproct inframarginal, longi- 
tudinal; peristome very eccentric anteriorly, longitudinal; petals 
broad, closing distally, petal III absent or very short, with doubling 
of pores; single or double pores in ambulacral plates beyond petals; 
bourrelets moderately developed; phyllodes slightly widened, double 
or single pored, two series of pores in each half-ambulacrum, with 
or without buccal pores; tubercles slightly larger adorally, narrow, 
naked zone in interambulacrum 5. 
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Genera.—Archiacia, Gentilia. 

Range.—Cretaceous (Urgonian-Cenomanian). 

Comparison with other families—The Archiacidae are distin- 
guished by the absence or great reduction of a petal in ambulacrum 
III, and the doubling of pores in ambulacrum III. 


Genus ARCHIACIA L. Agassiz 


Archiacia L. Agassiz, in Agassiz and Desor, 1847. Ann. Sci. Nat., ser. 3, vol. 7, 
p. 159. Type species, Archiacia sandalina Agassiz, by subsequent designation, 
d’Orbigny (1856, p. 284). 


GENERIC DESCRIPTION 


Medium size, elongate, adapically high, in some species very in- 
flated anteriorly, oral surface flat or sunken around peristome; apical 
system very eccentric anteriorly, tetrabasal, madreporite extending 
posterior to posterior genital plates; petals short or long, anterior 
petals (II and IV) curving posteriorly, shorter than posterior petals, 
pores conjugate, in some species outer pore very elongated obliquely ; 
ambulacrum III not petaloid, often in a groove, usually with double 
series of pore pairs in each half-ambulacrum; periproct inframar- 
ginal, longitudinal; peristome central or anterior, longitudinal or 
transverse; bourrelets present, phyllodes broad, double pored, with 
approximately six pore pairs in each outer series and three or four 
in each inner. 

Comparison with other genera.—Archiacia is most similar to 
Gentilia, both genera having inflated tests, nondeveloped or short 
petals III with doubling of the pores in the ambulacral plates beyond 
the petal. Archiacia differs in having double pores in its ambulacral 
plates beyond the petals and is probably ancestral to Gentilia. 

Remarks.—The apical system has not been figured in most of the 
species of this genus. Mortensen (1948, p. 319) suggested, after 
noting Gauthier’s (188ga, pl. 2, fig. 7) inaccurate figure of the apical 
system in Archiacia palmata Gauthier, that the apical system in 
Archiacia was typically monobasal. I have studied both the holotype 
of A. palmata in the d’Orbigny Collection in the Muséum National 
d’Histoire Naturelle and three specimens in the Lambert Collection 
at the Sorbonne, Paris. The apical system (text fig. 125) is definitely 
tetrabasal with genital 2 extending posteriorly. The genital plates 
are not arranged in a cruciform fashion as shown in Gauthier’s 
figure. I also saw the apical system in Archiacia santonensis d’Orbigny 
on a specimen in the d’Orbigny Collection, and it is very similar, 
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being tetrabasal with genital 2 also extending posteriorly. Szorényi 
(1955), text fig. 5) shows a monobasal apical system in her Archiacia 
hungarica, but I suspect that her figure is inaccurate. The shape of 
the genital plates and the location of the madreporic pores suggests 
a tetrabasal system. 

The floscelle is very similar in most of the species of Archiacia. 
As the phyllodes have not been figured before in this genus, I include 
a drawing of a phyllode of A. palmata (text fig. 126) and A. saaden- 
sis Peron and Gauthier (text fig. 127), and photographs (pl. 22, 
figs. 7-9) of A. palmata. 

Sz6rényi (1955a, text fig. 6) shows single pores in ambulacrum III 
of Archiacia hungarica. As all the specimens of Archiacia that I 
have seen have the pores paired, I suspect that her drawing is incor- 
rect and that they are pore pairs. 

Ecology.—Szorényi (1955b, pp. 383-384) suggested that the high 
test of echinoids of this genus, with the petals near the apex, indicate 
that they lived partially buried on the sea floor. 

Range and distribution Cretaceous (Cenomanian) of the circum- 
Mediterranean countries ; Szorényi (1955a) has described two species 
from the Lower Cretaceous (Urgonian to Aptian) of Bakony. 


DESCRIPTION OF TYPE SPECIES 


ARCHIACIA SANDALINA L. Agassiz 
Plate 22, figures 4-6 


Archiacia sandalina L. Agassiz, in Agassiz and Desor, 1847. Ann. Sci. Nat. 
ser. 3, vol. 7, p. 159; figured in Ann. Sci. Nat., ser. 3, vol. 6 (1846), pl. 15, 
figs. 24-26, not figs. 27, 28 as stated by Agassiz. Although this species was 
figured by Agassiz in 1846, there was no plate explanation and the species 
must date from his description. Many authors have attributed this species 
to d’Archiac. However, the manuscript in which he referred to this name 
was never published. 


Material.—I studied one specimen in the d’Orbigny Collection in 
the Museum National d’Histoire Naturelle. This is evidently the 
specimen referred to by d’Orbigny (1856, p. 285) but not the speci- 
men he figured. The specimen is fairly well preserved, although part 
of the apical system and peristome is absent. 

Shape.—Medium size (approximately 30 mm. in length), elongate, 
with adapical surface strongly inflated anteriorly, with pointed promi- 
nence overhanging anterior margin; adorally margin flat, but de- 
pressed around peristome. 
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Apical system.—Small, very eccentric anteriorly, tetrabasal, but 
owing to poor preservation, no other details visible. 

Ambulacra.—Petals short, narrow, with slight tendency to close 
distally; interporiferous zones almost twice width of poriferous 
zones; pores conjugate, outer pore slightly elongate transversely. 
Petals II and IV transverse or curving posteriorly. Ambulacrum III 
not petaloid, arrangement of pore pairs not clear on specimen studied. 

Periproct.—Inframarginal, longitudinal. 

Peristome.—Slightly anterior, partially destroyed in specimen 
studied, but from d’Orbigny’s figure (1856, pl. goog, fig. 8), slightly 
longitudinal. 

Floscelle—Bourrelets present; phyllodes broad (text fig. 127 for 
A. saadensis), double pored with approximately six pore pairs in 
each outer series and three or four in the inner series in each half- 
ambulacrum ; no buccal pores. 

Occurrence.—Cretaceous (Cenomanian) at Fourras, Charras, and 
Port-des-Barques (Charente-Inferieure), France; Djebel Maghila, 
Foum-el-Guelta ; Djebel Cehela, Tunisia; Ain Baira and Bou-Saada, 
Algeria. 

Location of type specimen.—Holotype apparently lost, but plaster 
cast in Museum d’Histoire Naturelle, Neuchatel, Switzerland (Lam- 
bert and Jeannet, 1928, p. 198). 


Genus GENTILIA Lambert 


Gentilia Lambert, 1918. Mém. Soc. Acad. Aube, ser. 3, vol. 55, p. 35. Type 
species Gentilia tafileltensis Lambert by subsequent designation Lambert 


(1920a, p. 154). 
Synonym: Thomasaster Lambert. 


GENERIC DESCRIPTION 


Medium size, usually inflated, greatest width posterior, slightly 
pointed posterior margin, steep sides, flat adoral surface ; apical sys- 
tem anterior, tetrabasal; petals very broad, closed distally, unequal, 
petal III absent or very short, interporiferous zones very broad, 
poriferous zones narrow, pores conjugate, outer pore slitlike ; peri- 
proct inframarginal, large, slightly longitudinal; peristome longi- 
tudinal, flush with test; bourrelets slightly developed; phyllodes wid- 
ened, single pored with two series of pores in each half-ambulacrum ; 
buccal pores absent or slightly developed ; adorally tubercles approxi- 
mately same size as adapically, very narrow naked granular zone in 
interambulacrum 5. 
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Comparison with other genera.—Gentilia is most similar to Archia- 
cia, for in both genera ambulacrum III is absent or slightly developed, 
the periproct is inframarginal, the test well inflated, the petals broad, 
the peristome longitudinal, and the phyllodes have two series of pores 
in each half-ambulacrum. Gentilia differs in having single pores in 
its ambulacral plates beyond the petals and in the phyllodes, whereas 
in Archiacia they are double pored, and in Gentilia the apical system 
is less anterior. 

Remarks.—I was unable to find any specimens of the type species 
in Paris but did study a specimen from the Lambert Collection la- 
beled ? Gentilia globosa Lambert. I have not been able to find any 
description of this species in the literature, and it is so similar to the 
type species, Gentilia tafileltensis, that it may be conspecific. I in- 
clude photographs (pl. 23, figs. 3, 4) of this specimen and a draw- 
ing of one its phyllodes (text fig. 128). In the collections at the 
Muséum National d’Histoire Naturelle in Paris I found several 
specimens labeled Pyguropsis noetlingi which belong to a new species 
of Gentilia, described below. 

In the specimen labeled ? Gentilia globosus and here provisionally 
referred to G. tafileltensis there are no buccal pores. This is the only 
specimen I have ever seen of a cassiduloid that had single-pored 
phyllodes but no buccal pores. This specimen is Cenomanian, and 
that is the time when the buccal pores and single-pored phyllodes first 
appeared. In the new species of Gentilia, G. syriensis, there are 
buccal pores but they are very minute. Again this species is 
Cenomanian. 

Range and distribution—Cretaceous (Cenomanian) of Egypt, 
Syria, and Morocco. 


DESCRIPTION OF NEW SPECIES 


GENTILIA SYRIENSIS Kier, new species 
Plate 23, figures 5-11; text figures 129-131 


Material—Eight specimens studied in the Muséum National 
d’Histoire Naturelle in Paris. 

Shape.—Medium size, holotype 33 mm. long, broad with greatest 
width posterior to center, rounded anterior margin, slightly pointed 
posterior ; steep sides, flat adoral surface. 

Apical system.—Anterior, tetrabasal, four genital pores. 

Ambulacra.—Petals very broad, closing distally, with very broad 
interporiferous zones, narrow poriferous zones with strongly con- 
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jugate pores, outer pore slitlike; petals V and I longer than others, 
petal III very short, widely open; beyond petaloid portion single 
pore in each ambulacral plate but with pores arranged in double 
series (text fig. 131) almost to margin; ambulacral plates beyond 
other petals single pored. 

Periproct.—Inframarginal, slightly longitudinal, opening very large. 

Peristome.—Very eccentric anteriorly, higher than wide, pentag- 
onal. 

Floscelle——Bourrelets slightly developed ; phyllodes (text fig. 129) 
slightly widened, single pored, pores in two series in each half-ambu- 
lacrum, five to six pores in each series; minute buccal pores (text 
fig. 130). 

Tuberculation—Adorally, tubercles only slightly larger than 
adapically, narrow naked granular zone in interambulacrum 5. 

Occurrence.—Cretaceous (Cenomanian) of Syria; collected by 
Dubertret. 

Location of type specimen.—Holotype in Muséum National d’His- 
toire Naturelle, Paris. 


Synonym of GENTILIA 


Thomasaster Lambert, 1920b. Rev. crit. paléozool., vol. 24, p. 138; pro Thomasia 
Lambert, 1918; non Poche, 1900; nec. Ruebsaamen, 1910. Type species by 
original designation, Archiacia araidahensis Gauthier. 

Remarks.—Both Lambert (1937, p. 78) and Mortensen (1948, 
Pp. 325) suggested that Thomasaster probably was not distinct from 
Gentilia. I have not seen any specimens of the type species, but from 
Gauthier’s description, it appears to be congeneric with Gentilia. 


Family CASSIDULIDAE Agassiz and Desor, 1847 


Small to large, elongate, flat adoral surface; apical system anterior, 
tetrabasal or monobasal ; periproct supramarginal to marginal, longi- 
tudinal or transverse; peristome anterior, oval or pentagonal, trans- 
verse ; petals broad, usually equal length, often inconspicuous, porif- 
erous zones of unequal length in most Tertiary species, ambulacral 
plates beyond petals double pored in pre-Senonian species ; bourrelets 
well developed; phyllodes widened, double or single pored, one or 
more series of pores in each half-ambulacrum; buccal pores absent 
in pre-Senonian species; tubercles much larger adorally than adap- 
ically, naked granular zone in interambulacrum 5. 

Genera.—Rhynchopygus, Nucleopygus, Hypsopygaster, Ochetes, 
Cassidulus, Rhyncholampas. 
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Range.—Lower Cretaceous (Albian) to Recent. 

Comparison with other genera.—The Cassidulidae are most similar 
to the Nucleolitidae, from which they differ in having more developed 
bourrelets, wider phyllodes with fewer pores, a naked, often pitted 
zone adorally in interambulacrum 5, and larger tubercles adorally. 


Genus RHYNCHOPYGUS d’Orbigny 


Rhynchopygus @ Orbigny, 1856. Pal. franc., Crétacé, vol. 6, p. 323. Type species 
by virtual monotypy, Cassidulus marmini Agassiz. d’Orbigny referred another 
species to this genus, but since he questioned whether it really belonged to 
the genus, it is not available as type species. 

Synonyms: ? Paralampas Duncan and Sladen; Procassidulus Lambert. 


GENERIC DESCRIPTION 


Small, low, oval, or with greatest width posterior to center, anterior 
margin smoothly rounded, posterior often pointed, anterior adapical 
surface gently curved, posterior often truncated obliquely; adoral 
surface flat; apical system anterior, tetrabasal, four genital pores; 
petals slightly or well developed, equal or with ambulacrum III 
longer than others, open or closing distally, conjugate pores, am- 
bulacral plates beyond petals with single pores; periproct supra- 
marginal, transverse or longitudinal, groove extending from opening 
to posterior margin; peristome, central to anterior, circular to oval; 
bourrelets well developed, often pointed; phyllodes widened, single 
pored, with slight crowding, only few pores occluded; buccal pores 
present; tubercles adorally much larger; naked, often pitted, median 
area in interambulacrum 5, ambulacrum III. 

Comparison with other genera.—Rhynchopygus is very similar to 
Cassidulus but differs in having a tetrabasal apical system. It is 


Figs. 128-136.—128, Gentilia tafileltensis ? Lambert: Phyllode of ambula- 
crum IV of specimen in the Lambert Collection, Sorbonne, Paris, probably from 
the Cretaceous (Cenomanian) at Riz el Abiod, X 10. 129-131, Gentilia syriensis 
Kier: 129, Phyllode of ambulacrum IV of specimen in Muséum National 
d Histoire Naturelle, Paris, from Cretaceous (Cenomanian) of Syria, X 10; 
130, enlarged view of adoral portion of same phyllode showing minute buccal 
pores, X15; 131, view of leit poriferous zone of ambulacrum III adoral to 
petaloid portion showing arrangement of pores into two series, on same speci- 
men as figure 130, X 20. 132, 133, Rhynchopygus lusitanicus (De Loriol): 132, 
Phyllode of ambulacrum V of USNM 131264, from the Upper Cretaceous 
(Lower Turonian) at Pougnadoresses (Gard), France, X 20; 133, apical system 
of same specimen, X 20. 134, Rhynchopygus marmimt (Agassiz) : Apical system 
of USNM 19559, from the Upper Cretaceous (Senonian) at Port Brehay, 
Manche, France, * 15. 135, 136, Rhynchopygus lapiscancri (Leske) : 135, Apical 
system of USNM 131263, from the Upper Cretaceous (Maestrichtian) at 
St. Pietersberg, Belgium, X15; 136, phyllode of ambulacrum V of USNM 
131260, from the Upper Cretaceous (Maestrichtian) at Beeringen (Charb.), 


Belgium, X 15. 
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probably the ancestor of Cassidulus. It differs from Nucleopygus in 
having much more pronounced bourrelets, more widened phyllodes, 
larger adoral tubercles, and a wider naked zone in interambulacrum 5. 

Remarks.—Mortensen was not aware that the apical system in 
Rhynchopygus marmini was tetrabasal and considered Rhynchopygus 
as a synonym of Cassidulus. I have also found a tetrabasal apical 
system in Rhynchopygus macari (Smiser) and in Rhynchopygus 
lapiscancri (Leske). These three species have many features in com- 
mon and appear to be clearly congeneric, and distinct from Cassidulus. 
They are small forms with supramarginal periprocts (the fact that 
the periproct is transverse in R. marmini and R. macari and longi- 
tudinal in R. lapiscancri does not seem to be of generic significance), 
similar petals, and flat adoral surfaces. Their close relationship is 
shown strikingly by their identical floscelles with extremely well- 
developed bourrelets and broad, similar phyllodes. 

Rhynchopygus lusitanicus (De Loriol) from the lowest Turonian 
is the oldest species of this genus that I have studied. Its apical sys- 
tem (text fig. 133) is tetrabasal not monobasal as previously thought. 
Its phyllodes (text fig. 132) have more pores than found in the 
Senonian species of this genus, confirming the suggestion made herein 
that the number of phyllodal pores is reduced in many genera in 
time. 

Kew (1920, pp. 138-142) placed all the American west coast spe- 
cies of cassidulids in Rhynchopygus, which he considered to be a 
subgenus of Cassidulus. I have studied the type specimens of these 
species and do not believe that any of them belong in Rhynchopygus. 
They all have monobasal apical systems; three of them, C. ellipticus 
Kew, C. californicus Anderson, and C. ynezensis, are herein referred 
to Cassidulus and C. mexicanus Kew to Rhyncholampas. 

Range and distribution.—Upper Cretaceous (Turonian-Maestrich- 
tian) of Belgium, Holland, and France. The distribution of this 
genus will not be known until all the species previously referred to 
Cassidulus have been reexamined and their apical systems studied. 


DESCRIPTION OF TYPE SPECIES 
RHYNCHOPYGUS MARMINI (L. Agassiz) 
Plate 24, figures 1-4; text figures 134, 137 


Cassidulus marmini L. Agassiz, in L. Agassiz and Desor, 1847. Ann. Sci. Nat., 
ser.,3,, vol. 7, p: 157. 


Material—Twelve specimens studied in the U. S. National Mu- 
seum, and several in the Lambert Collection at the Sorbonne, Paris. 
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Shape.—Small, usually less than 15 mm. long; anterior, posterior 
margin smoothly rounded, sides straight, adapically slightly inflated, 
with posterior surface obliquely truncated ; adorally flattened. 

Apical system.—Slightly anterior, tetrabasal (text fig. 134), four 
genital pores, madreporite extending posteriorly, separating posterior 
genital and ocular plates. 

Ambulacra.—Petals very inconspicuous, difficult to see on well- 
preserved specimens; narrow with narrow interporiferous zones, 
petals III longer than others, open, other petals slightly closed ; pores 
conjugate, outer pore slightly elongated transversely. 

Pertproct.—Supramarginal, transverse, small, opening in underside 
of large overhang, with deep transverse indentation dorsal to it; 
opening not in this transverse indentation as formerly supposed. 

Peristome.—Slightly anterior, circular. 

Floscelle-—Bourrelets strongly developed, pointed, phyllodes (text 
fig. 137) widened, single pored, broad, with four pores in each outer 
series, and one to two in each inner; buccal pores present ; sphaeridia 
in two series along midline of each ambulacrum. 

Tuberculation.—Adapically, tubercles very small, covering whole 
surface, obscuring petals ; adorally tubercles larger, except for naked, 
pitted medial area in interambulacrum 5, ambulacrum III. 

Occurrence.—Upper Cretaceous (Maestrichtian), Holland, France. 

Location of type specimen.—Unknown. 

Remarks.—d’Orbigny’s (1856, pl. 927) figures of this species are 
erroneous in several important details. He shows a wide bilobed 
opening for the periproct, whereas in reality the opening is much 
smaller and occurs on the lower side of the overhang, not in the 
surface posterior to the overhang as shown in his figure. The 
bourrelets are pointed, not bulbous, and there are very few pores in 
the phyllodes, not many as shown in his drawing. d’Orbigny does not 
show the naked, pitted zone in interambulacrum 5 and ambulacrum 
III, and the petals are not as conspicuous as he depicts them. 


? Synonym of RHYNCHOPYGUS 


Paralampas Duncan and Sladen, 1882. Pal. Indica, ser. 14, vol. 1, pt. 3, p. 72. 
Type species, Paralampas pileus Duncan and Sladen, by subsequent designa- 
tion, Lambert and Thiéry, 1921, p. 371. 


Remarks.—This genus was erected by Duncan and Sladen for two 
species from the Paleocene of India which differ from Cassidulus by 
having a higher test and lacking a naked medial zone in interambula- 
crum 5 and ambulacrum III. The higher test does not seem to me 


St 
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Fics. 137-143.—137, Rhynchopygus marmini (Agassiz): Floscelle of specimen in Lambert Collec- 
tion, Sorbonne, Paris, from the Upper Cretaceous (Maestrichtian) at Fresville, France, X 6. 138, 
Nucleopygus minimus (d’Orbigny): Phyllode of ambulacrum V of specimen in Lambert Collection, 
Sorbonne, Paris, from the Upper Cretaceous (Senonian) at St. Paterne, France, X 15._ 139, Nucleo- 
pygus parallelus (Agassiz): Phyllode of ambulacrum V of USNM_ 131283, from the Upper Creta- 
ceous (Turonian) at Bousse, France, X 15. 140, Nucleopygus minor Desor: Phyllode of ambulacrum 
V_of specimen 2523 in the Museum of Comparative Zoology, Harvard, from the Upper Cretaceous 
(Senonian) at Royan, France, X 15. 141, Nucleopygus angustatus (Clark): Phyllode of ambulacrum 
II of holotype, USNM 103701, from the Cretaceous (Cenomanian), Buda_limestone, Shoal Creek, 
Austin, Tex., X 15, 142, Nucleopygus scrobiculatus (Goldiuss): Phyllode III of USNM 131278, from 
the Upper Cretaceous (Maestrichtian) from top of quarry of Kalkmergelmaatschappij, St. Pieters- 
berg, Peicinm! X15. 143, Hypsopygaster ungosensis Bajarunas: Phyllode of ambeteean V, from 
Ser a in Geologic Museum of RAN, Russia, from the Danian, at Ungozya, Mangyshlak, Russia, 

15. 
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to be an important character worthy of generic distinction, but the 
absence of the naked area is significant. Unfortunately, I have been 
unable to study any specimens of their two species, and Duncan and 
Sladen do not figure well the adoral surfaces of either species. Until 
this area has been reexamined, it seems best to consider this genus 
tentatively as a synonym of Rhynchopygus. Lambert (in Besairie and 
Lambert, 1930, p. 114) describes another Paralampas, P. besairiei, 
but again his figures do not clearly show this median zone. Fischer 
(1951, pp. 69, 71) refers Rhyncholampas lyelli (Conrad) and Rhyn- 
cholampas globosus (Fischer) to Paralampas, and considers Para- 
lampas as a subgenus of Cassidulus. Both of these species, however, 
have a naked medial zone adorally, and should be referred to 
Rhyncholampas. 


Synonym of RHYNCHOPYGUS 


Procassidulus Lambert, 1918. Mém. Soc. Acad. Aube, ser. 3, vol. 55, p. 33. 
Type species by original designation, Echinites lapiscancri Leske. 


DESCRIPTION OF TYPE SPECIES 


RHYNCHOPYGUS LAPISCANCRI (Leske) 
Plate 24, figures 5-8; text figures 135, 136 


Echinites lapis-cancri Leske, 1778. Klein’s Naturalis dispositio echinodermatum, 
p. 256, pl. 43, figs. Io, II. 


Material—Fifty-two specimens studied in the U. S. National 
Museum. 

Shape.—Small, elongate, smoothly rounded anterior margin, pointed 
posterior margin, flattened adoral surface, greatest width posterior 
to center, greatest height at center, oblique posterior face. 

Apical system.—Tetrabasal (text fig. 135), anterior, madreporite 
extending posteriorly separating posterior genital and ocular plates. 

Ambulacra.—Petals of unequal length, petal III the longest, ex- 
tending over two-thirds distance to margin, petals II and IV over 
one-half, petals V and I the shortest, less than one-half; pores con- 
jugate, outer pore slightly elongated transversely; interporiferous 
zones twice width of poriferous zones at greatest width; petals closing 
distally. 

Periproct—Supramarginal, midway between apical system and 
posterior margin, oval, slightly elongated longitudinally ; slight groove 
extending posteriorly. 

Peristome.—Anterior, pentagonal, higher than wide. 
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Floscelle-—Bourrelets strongly developed, highly inflated, pointed ; 
phyllodes single pored (text fig. 136), broad, with five to seven pores 
in each outer series and one to three in each inner series ; buccal pores 
present. 

Tuberculation.—Adorally, tubercles much larger, bosses anterior, 
in deep, anteriorly elongated scrobicules ; naked pitted medial area in 
interambulacrum 5, ambulacrum IIT. 

Occurrence.—Maestrichtian of France, Belgium, and Holland. 

Location of type specimen.—Unknown. 

Remarks.—Lambert created Procassidulus as a substitute name 
for Cassidulus which he thought was preoccupied. 


Genus NUCLEOPYGUS L. Agassiz 


Nucleopygus L, Agassiz, 1840a. Catalogus systematicus ectyporum echino- 
dermatum fossilium musei Neocomensis, pp. 7, 17. Type species by subsequent 
designation, Lambert, 1898, p. 165, Nucleopygus minor Desor. 

Synonyms: Lychnidius Pomel; Porobrissus Lambert. 


GENERIC DESCRIPTION 


Small, low, generally oval, well-rounded margin, depressed peri- 
stome; apical system tetrabasal, often very eccentric anteriorly ; 
petals narrow, inconspicuous, usually open, with conjugate pores, 
ambulacral plates beyond petals single pored ; periproct supramarginal, 
longitudinal, in groove extending to posterior margin; peristome 
pentagonal or subpentagonal, anterior; bourrelets slightly to mod- 
erately developed, not pointed; phyllodes single pored, narrow or 
only slightly widened, very few or no occluded pores; buccal pores 
present; adoral tubercles of same size or only slightly larger than 
adapical, very narrow naked zone often in interambulacrum 5, often 
pitted. 

Comparison with other genera.—Nucleopygus is similar to Nucleo- 
lites in having a supramarginal periproct and short petals, but differs 
in having less conspicuous, narrower petals, a more elongate test, and 
single-pored phyllodes with buccal pores. It differs from Petalobrissus 
in having narrower petals, a smaller test, and narrower phyllodes 
with fewer occluded pores. It is similar to Rhynchopygus in its petals 
and shape and size of test, but is distinguished from it by its less 
developed bourrelets, narrower phyllodes, and smaller adoral tu- 
bercles. Finally, it differs from Ochetes in having less developed 
bourrelets, single pored phyllodes, more developed petals, and smaller 
adoral tubercles. 
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Range and distribution—Upper Cretaceous (Cenomanian to Mae- 
strichtian) of Europe, Africa, and United States. Lambert and 
Thiéry give a much wider range to this genus, from the Aptian to 
Recent. However, the Aptian species, Desor’s Echinobrissus placen- 
tula, is not a Nucleopygus. I have seen specimens of this species; 
its phyllodes are double pored and it should be referred to Nucleo- 
lites. The oldest specimens I have seen of Nucleopygus were from 
the Cenomanian, Gres Vert, at Le Mans. These specimens, which 
are in the Ecole National Supérieure des Mines in Paris, were labeled 
Nucleolites lacunosus but resemble more closely d’Orbigny’s Echino- 
brissus similis. They have single-pored phyllodes and definitely be- 
long in Nucleopygus. A photograph of the adapical surface of one 
of them is included herein (pl. 24, fig. 9). I have also seen speci- 
mens of Agassiz’s Nucleolites parallelus from the Turonian, and 
d’Orbigny’s Echinobrissus minimus from the Senonian. Both of 
these species have single-pored phyllodes (text figs. 138, 139) with 
very few pores, small tests, slightly developed petals, and a supra- 
marginal periproct, all characters typical of Nucleopygus. Of the 
three post-Cretaceous species that Lambert and Thiéry refer to 
Nucleopygus, Edwards’ Nucleolites recens is the type species of 
another genus, Apatopygus; Cotteau’s Echinobrissus delfortriert and 
Zittel’s Nucleolites papillosus may each be a Cassidulus. 


DESCRIPTION OF TYPE SPECIES 


NUCLEOPYGUS MINOR Desor 


Plate 24, figures 10, I1; text figure 140 
Nucleopygus minor Desor, 1842. Des galérites, p. 33, pl. 5, figs. 20-22. 


Material—Nine specimens studied in the Lambert Collection at 
the Sorbonne, one in the Muséum National d’Histoire Naturelle, 
Paris, and three in the Museum of Comparative Zoology, Harvard. 

Shape.—Very small, usually less than 8 mm. long, moderately 
inflated with greatest height anterior to center, greatest width pos- 
terior ; anterior margin smoothly rounded, posterior slightly truncated 
by anal groove; sides smoothly rounded, adoral surface depressed 
at peristome. 

Apical system.—Anteriorly eccentric, tetrabasal, with four genital 
pores. 

Ambulacra.—Petals inconspicuous, narrow, open, flush with test, 
short, petal III shorter than others, inner pore of pore pair round, 
outer round or slightly elongate transversely, conjugate. 


166 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


Periproct—Supramarginal, longitudinal, in deep groove extending 
posteriorly to margin. 

Peristome.—Anterior, depressed, subpentagonal, wider than high. 

Floscelle—Bourrelets moderately developed, vertical sides; phyl- 
lodes single pored, not widened, only slight crowding of pores (text 
fig. 140) ; buccal pores present. 

Tuberculation—Adorally, pores only slightly larger than adap- 
ically. 

Occurrence.—Upper Cretaceous (Senonian), Royan, St. Paterne, 
France. 

Location of type specimen.—According to Desor (1858, p. 266) 
in the Michelin Collection, which according to Lambert and Jeannet 
(1928) is in the Ecole National Supérieure des Mines in Paris. 
I was unable to find the specimen there. 

Remarks—This species has been attributed by most workers to 
Agassiz (1840a), but it is a nomen nudum in that reference. 


Synonym of NUCLEOPYGUS 


Lychnidius Pomel, 1883. Class méth., p. 55. Type species by monotypy, Nucleo- 
lites scrobiculatus Goldfuss. 


Remarks.—Lychnidius is indistinguishable from Nucleopygus. 
Its type species is very similar to the type species of Nucleopygus 
and certainly congeneric with it. In both species the test is small, 
elongate, with supramarginal, longitudinal periproct, inconspicuous 
petals, pentagonal transverse peristome, moderately developed bourre- 
lets, slightly crowded single-pored phyllodes, and tetrabasal apical 
system. 


DESCRIPTION OF TYPE SPECIES 


NUCLEOPYGUS SCROBICULATUS (Goldfuss) 
Plate 25, figures 1-4; text figure 142 


Nucleolites scrobiculatus Goldfuss, 1826. Petrefacta Germaniae, p. 138, pl. 43, 
si Shs 


Material—Sixteen specimens studied in the U. S. National Mu- 
seum, 

Shape-—Very small, oval, inflated, rounded margin. 

Apical system.—Anterior, tetrabasal (for an excellent description 
and figures, see Engel and Meijer (1957, p. 91, text figs. I, 2). 

Ambulacra.—Petals slightly developed, short, with slight tendency 
to close distally; interporiferous zones approximately same width as 
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poriferous; pores slightly conjugate, both inner and outer pore of 
pair round; ambulacral plates single pored beyond petals. 

Periproct.—Supramarginal, longitudinal, high on slight posterior 
truncation. 

Peristome.—Central, depressed, subpentagonal, vertically walled. 

Floscelle——Bourrelets vertical, slightly inflated; phyllodes single 
pored, no widening of area, slight crowding (text fig. 142). 

Tuberculation—Adorally, tubercles of approximately same size as 
adapically ; slight naked, granular zone in interambulacrum on some 
specimens, absent on others. 

Occurrence.—Upper Cretaceous (Maestrichtian) of Holland and 
Belgium. 

Location of type specimen.—University of Bonn, Germany. 


Synonym of NUCLEOPYGUS 


Porobrissus Lambert, 1916. Rey. crit. palaeozool., vol. 20, p. 169. Type species 
by monotypy, Echinobrissus angustatus Clark, 1915. 


DESCRIPTION OF TYPE SPECIES 


NUCLEOPYGUS ANGUSTATUS (Clark) 


Plate 24, figures 12, 13; text figure 141 


Echinobrissus angustatus Clark, in Clark and Twitchell, 1915. U. S. Geol. Surv. 
Monogr. 54, p. 60, pl. 27, figs. 2a-c. 


Material. ighteen specimens studied in the collection of Univer- 
sity of Texas, and holotype and paratype in U. S. National Museum. 

Shape.—Small, average 15 mm. long, oval, low, greatest width 
posterior to center, greatest height anterior, adoral surface depressed 
around peristome. 

Apical system.—Very eccentric anteriorly, tetrabasal, with genital 
2 extending posteriorly separating posterior oculars. 

Ambulacra.—Petals slightly developed, short, petal III shorter 
than others, closing slightly distally, interporiferous zones equal in 
width to poriferous zones; outer pore very slightly elongated trans- 
versely, inner pore round, conjugate. 

Periproct.—Supramarginal, midway between apical system and 
posterior margin; elongate longitudinally, in groove extending to 
posterior margin. 

Peristome.—Anterior, oval transversely, depressed. 

Floscelle-——Bourrelets slightly developed, phyllodes slightly devel- 
oped (text fig. 141), single pored, six pores in each outer series, 
three to four in each inner series; buccal pores present. 
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Tuberculation—Adorally tubercles only slightly larger than adap- 
ically. 

Occurrence.—Upper Cretaceous (Cenomanian), Buda limestone, 
Shoal Creek, Austin, Tex. 

Location of type spectmen.—U. S. National Museum, 103701. 

Remarks.—Clark’s (in Clark and Twitchell, 1915, pl. 27, fig. 2a) 
original figure of the type specimen of this species showed a small 
round periproct. Lambert erected Porobrissus for this species, dis- 
tinguishing it from Nucleopygus by the shape of its periproct. Cooke 
(1946, p. 222) later removed the matrix from the sulcus, revealing 
a longitudinally elongated periproct similar to that found in Nucleo- 
pygus. Cooke (1955, p. 97) removed the species from Nucleopygus 
because “Nucleopygus minor Agassiz, the type species of Nucleo- 
pygus, appears to have a large, flush periproct.” Cooke probably 
studied Desor’s figures of N. minor (copied in Mortensen, 1948, 
fig. 164). Desor’s figure does show a flush periproct, but this figure 
is not correct, as the periproct is definitely not flush, but in a groove 
(see pl. 24, fig. 10). I agree with Mortensen in considering E. 
angustatus congeneric with N. minor. Both species are small, low, 
with tetrabasal apical system, short, slightly developed petals, supra- 
marginal, grooved periproct, and single-pored phyllodes. 


Genus HYPSOPYGASTER Bajarunas 


Hypsopygaster Bajarunas, 1915. Hypsopygaster, a new genus of sea-urchins 
from the Danian deposits of Mangyshlak. Geol. Vestnik-Petrograd, vol. 1, 
p. 230 (not seen). Type species by monotypy, Hypsopygaster ungosensis 
Bajarunas. 


GENERIC DESCRIPTION 


Small, posterior margin truncated with periproct high on trunca- 
tion, apical system monobasal, three genital pores, no pore in left 
anterior genital plate, petals slightly developed, ambulacra single 
pored beyond petals; bourrelets strongly developed, toothlike; phyl- 
lodes single pored, broad with few pores, buccal pores present; 
adorally tubercles much larger than adapically, naked sternal zone. 

Comparison with other genera.—Hypsopygaster ungosensis re- 
sembles Rhynchopygus marmini Desmoulins from the Maestrichtian 
in its small size, slightly developed petals, marginal outline of test, 
broad phyllodes, pointed bourrelets, and naked pitted zone along inter- 
ambulacrum 5. H. ungosensis differs in having a monobasal apical 
system with three instead of four genital pores, a longitudinal peri- 
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proct instead of transverse, a test highly inflated at its posterior 
margin, and no inner pores in its phyllodes. 

Hypsopygaster resembles Nucleopygus in its small test, inconspicu- 
ous petals, and slightly developed phyllodes, but differs in having 
a marginal periproct, a monobasal apical system with only three 
genital pores, and strongly developed bourrelets. 

Mortensen (1948, pp. 233, 236) considered Hypsopygaster as a 
synonym of Studeria mainly because H. ungosensis also has only 
three genital pores. However, the type species of Studeria, S. elegans, 
is a larger form, has no inflated posterior, has much more developed 
petals, and lacks pointed bourrelets. 

Range and distribution.—Danian of Russia. 


DESCRIPTION OF TYPE SPECIES 


HYPSOPYGASTER UNGOSENSIS Bajarunas 
Plate 25, figures 8-10; plate 26, figures 1, 2; text figures 143, 147 


Hypsopygaster ungosensis Bajarunas, op. cit., p. 230 (not seen). 


Material.—Twelve specimens studied from the Geological Museum 
of the Academy of Sciences at Leningrad; some of them are para- 
types. 

Shape.—Small, average length 12 mm., elongate, posterior margin 
truncated producing an oblique face sloping outward causing a dorsal 
overhang; greatest width at center, greatest height near posterior 
margin at top of posterior truncation. 

Apical system.—Anterior (text fig. 147), monobasal, three genital 
pores, left anterior pore absent, ocular plates very small. 

Ambulacra.—Petals subpetaloid, not visible on unweathered speci- 
men, pores of pore pair equal, not conjugate; petals short, equal in 
length, extending one-half distance to margin (text fig. 147), open, 
interporiferous zone less than twice width of poriferous zone; five 
to seven pore pairs in each poriferous zone; ambulacral plates single 
pored beyond petals. 

Periproct—High on posterior truncation, slightly visible from 
above on some specimens, longitudinal, slight groove below opening. 

Peristome.—Anterior, higher than wide, sunken. 

Floscelle—Bourrelets strongly developed, pointed, extending out 
over peristome opening; phyllodes (text fig. 143) sunken, broad, 
single pored, arranged in one series in each half-ambulacrum, three 
or four pores in each; buccal pores separated from peristome by rim 
joining bourrelets ; sphaeridia in a double series along midline. 
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Tuberculation.—Adorally tubercles considerably larger than adapi- 
cally ; naked, pitted medial zone in interambulacrum 5. 

Occurrence.—Danian, Ungozya, Mangyshlak, Russia. 

Location of type specimen.—Geological Museum of the Academy 
of Sciences, Leningrad, Russia. 


Genus OCHETES Pomel 


Ochetes Pomel, 1883. Class. méth. p. 57. Type species, herein designated, 
Nucleolites morristi Forbes. 


GENERIC DESCRIPTION 


Small, elongate, low ; apical system tetrabasal, central, four genital 
pores; petals slightly developed, periproct supramarginal, in deep 
groove; peristome anterior, pentagonal; bourrelets well developed; 
phyllodes very broad, double pored with pore pairs in two series, 
few in inner series; no buccal pores, sphaeridia in two rows in each 
ambulacrum ; tubercles on adoral surface large with bosses eccentric 
anteriorly in large scrobicules; naked, pitted area in interambulacrum 
5, ambulacrum ITI. 

Comparison with other genera——Ochetes is distinguished from 
Nucleopygus by its less developed petals, more developed bourrelets, 
broader, double-pored phyllodes lacking buccal pores, and much larger 
adoral tubercles. It is easily distinguished from Nucleolites by its 
lower test, subpetaloid petals, more developed bourrelets, and greatly 
widened phyllodes with fewer pore pairs in the inner series. Further- 
more, in Ochetes morrisii the tubercles on the adoral surface are 
much larger than those on the adapical, and there is a naked, pitted 
area in interambulacrum 5 and ambulacrum III. 

Ochetes is similar to Rhynchopygus, both genera having small, 
low tests, slightly developed petals, tetrabasal apical systems, supra- 
marginal periproct, and a well-developed floscelle. In both genera 
the tubercles on the adoral surface are large, and there is a naked, 
pitted area in interambulacrum 5 and ambulacrum III. However, 
in Ochetes the phyllodes are double pored, whereas in Rhynchopy- 
gus they are single, and in Ochetes the bourrelets are less pointed. 
As both these distinguishing characters are more primitive, and 
as Ochetes occurs in older rocks, it is probably an ancestor of 
Rhynchopygus. 

Remarks.—Lambert and Thiéry (1921, p. 347) and Mortensen 
(1948, p. 185) both considered Ochetes a synonym of Nucleopygus. 
While it is true that most of the species that Pomel referred to his 
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genus probably do belong to Nucleopygus, one of them, Forbes’ 
Nucleolites morristi, definitely does not. Unfortunately, this species 
had never been well figured, and the characters that distinguish it 
from Nucleopygus were not known to Lambert and Thiéry, Morten- 
sen, or Pomel. 

Range and distribution—Lower Cretaceous (Albian—Cenomanian), 
England. 


OCHETES MORRISII (Forbes) 
Plate 25, figures 5-7; text figures 144-146 


Nucleolites morrisit Forbes, 1849. Mem. Geol. Surv. United Kingdom, dec. 1, 
p. 8. 


Material_—I studied 11 specimens of this species in the British 
Museum (Natural History) including the specimen figured by 
Wright (1882, pl. 78, fig. 4). All the specimens came from the 
same two localities mentioned by Forbes in his original description 
of the species. The single specimen from Blackdown, Devon, is 
silicified, but the other specimens, all from Warminster, Wiltshire, 
are calcareous. 

Shape.—Small, largest specimen 16.5 mm. long, elongate, angular 
marginal outline, posterior pointed except where blunted by anal 
groove, sides straight, parallel, very depressed, with greatest height 
posterior to center; adorally depressed, interambulacrum 5 slightly 
inflated along median suture. 

Apical system.—Central, tetrabasal, most sutures not visible, geni- 
tal plate 2 small (text fig. 144) not extending posteriorly between 
posterior genital plates; four genital pores, right posterior pore 
slightly displaced laterally and posteriorly ; ocular plates narrow, long. 

Ambulacra.—Petals only slightly developed, very narrow, not clos- 
ing, extending almost to margin, petals IJ, III, and IV straight, 
petals V and I flexuous, curving distally away from each other. 
Interporiferous zones expanding distally; poriferous zones narrow, 
pores oblique to each other, inner pore distal to outer, not conjugate, 
slightly elongated obliquely, inner round (text fig. 144) ; pores beyond 
petals minute. 

Adoral interambulacra.—Plates large, not alternating, single plate 
at peristome. 

Periproct.—Supramarginal, midway between apical system and 
posterior margin; circular to oval, in deep, flat-bottomed, triangular 
groove extending to posterior margin. 

Peristome.—Anterior, higher than wide, pentagonal. 


AU y eh im A (e) 
ay EOF (e] 
° ce bs fe} 
- ro) 
x es - Oo 
~ ‘ ae . ®. @ 5 nes : ° : 
ee aan: eee 
ieee 145 
® ® 
Ls 
Beata ai . 
a : vt oo? 
: . = i Oo 
. de Nadas me ° 
y . - = oO oO 
e ‘i : © 
*. a lc fo) 
144 : 
oe 
° 2 
146 
@® i ¥ ee 
Se ¥ e@ 
®e oe? 
®e e®? ®@ eo © 
®@e e? Ge ® 
147 a b 


148 


Fics. 144-148.—144-146, Ochetes morristi (Forbes) : 144, Portion of adapical region in §] 
men E 42411 in the British Museum (Natural History), from the Lower Cretaceous (U 
Albian) Upper Greensand, Warminster, Wiltshire, England, & 10. 145, 146, Phyllodes of ai 
lacra I and III of specimen E 32388 from the same locality, X 20. 147, Hypsopygaster ungt 
sis Bajarunas: Adapical view of specimen in Geologic Museum of RAN, Russia, from 
Danian, at Ungozya, Mangyshlak, Russia, x 4. 148, Cassidulus cariboearum Lamarck: a, | 
of distal portion of petal as viewed from the outside of the test of USNM 634001b, from Ant 
West Indies (living), 11; b, inside view of same petal of same specimen. 
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Floscelle-—Bourrelets well developed, triangular, not vertical. Phyl- 
lodes very broad, double pored (text figs. 145, 146), two series of 
pore pairs in each half-ambulacrum; few in inner series, one in 
ambulacrum III, one or two in ambulacra II and IV, one to three 
in ambulacra V and I: five to eight in each outer series, all pores 
widely separated from peristome. Sphaeridia very large, approxi- 
mately eight in each ambulacrum, arranged in double alternating 
series ; no buccal pores. 

Tuberculation—Tubercles, perforate, very small adapically, ador- 
ally much larger, with deep, large, longitudinally oriented scrobicules, 
with bosses anteriorly situated in each scrobicule; tubercles largest 
in paired interambulacra midway between peristome and margin, no 
tubercles in ambulacrum III, or in anterior portion of interambula- 
crum 5. All adoral areas devoid of tubercles, profusely pitted. 

Occurrence.—Cretaceous, Upper Albian, Upper Greensand, Black- 
down, Devon, Warminster, Wiltshire; Cenomanian, Chloritic marl, 
Chardstock, Somerset. 

Location of type specimen.—Unknown ; not in the British Museum 
(Natural History). According to Wright (1875, Cretaceous, p. 251), 
Forbes “detected” the type in Professor Tennant’s Collection. 

Remarks.—d’Orbigny (1858, p. 407) described and figured a 
Trench specimen that he referred to this species. I have not seen his 
specimen, but from a study of his figures and his description of it, 
it does not belong to this species. d’Orbigny’s specimen is much 
larger and has a very different shape, with its greatest width posterior 
to the center, whereas in the English specimens of Ochetes morrisii 
the sides are parallel. The test is much higher in the French speci- 
men, and the margin much smoother, with an anteriorly eccentric 
instead of central apical system, much more developed petals, with 
petals V and I straight instead of curved marginally. Adorally, the 
French specimen lacks the well-developed floscelle, naked, pitted areas 
in interambulacrum 5 and ambulacrum III, and the large, deeply 
scrobiculated tubercles. This specimen is certainly not conspecific or 
even congeneric with the English specimens. Although it may repre- 
sent a new species, I do not erect one myself, as I have not seen any 
specimens. 

Morphological note-—Owing to the severe weathering of some of 
the specimens of O. morristi, the phyllodes appear at first glance to 
be single pored. The pores have been so enlarged that the calcite 
separating the two pores of a pore pair is usually absent. 
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Genus CASSIDULUS Lamarck 


Cassidulus Lamarck, 1801. Syst€éme animaux sans vertébres, p. 348. Type species 
by monotypy, Cassidulus cariboearum Lamarck. 
Synonym: Glossaster Lambert. 


GENERIC DESCRIPTION 


Small, low, elongate ; apical system monobasal, four genital pores ; 
petals slightly or well developed, straight, open or closing distally, 
poriferous zones of same petal usually unequal, ambulacral plates 
beyond petals single pored; periproct supramarginal, longitudinal or 
transverse, with groove extending from opening to posterior margin; 
peristome anterior, pentagonal, transverse ; bourrelets well developed ; 
phyllodes widened, single pored with slight crowding of pores, one 
or two or no occluded pores ; buccal pores present ; adorally, tubercles 
much larger, scrobicules often polygonal, with bosses eccentric an- 
teriorly; adorally, naked, often pitted area in interambulacrum 5, 
ambulacrum III. 

Comparison with other genera—Cassidulus is very similar to 
Rhynchopygus but differs in having a monobasal apical system as 
opposed to the tetrabasal system in Rhynchopygus. As Cassidulus 
occurs later, in the Tertiary, whereas Rhynchopygus is from the 
Upper Cretaceous, and since Cassidulus has a more advanced apical 
system, there is little doubt that it is descended from Rhynchopygus. 
Cassidulus differs from Rhyncholampas in having a smaller, more 
elongate test, narrower, nonlanceolate petals, a usually less posterior 
periproct, and phyllodes with fewer pores. It differs from Hypsopy- 
gaster in having more developed petals and less pointed bourrelets. 

Remarks.—This genus includes most of the Tertiary species that 
Lambert and Thiéry referred to their Procassidulus, except for 
Twitchell’s Cassidulus depressus, which Cooke (1959, p. 64) con- 
siders a synonym of Eurhodia patelliformis (Bouve), Desor’s Cassid- 
ulus amygdala, which also appears to be a Eurhodia, and Kew’s 
Cassidulus mexicanus, which is a Rhyncholampas. Many of the 
pre-Tertiary species that Lambert and Thiéry refer to Procassidulus, 
including the type species, have a tetrabasal apical system and should 
be referred to Rhynchopygus. All the Tertiary species that they refer 
to Rhynchopygus, except R. dyasteroides Duncan, have monobasal 
apical systems and should be referred to Cassidulus. Cooke (1959, 
pp. 50-59) refers four species to Cassidulus (Cassidulus), but three 
of them, C. sabistonenis Kellum, C. gouldii (Bouve), and C. ericsont 
Fischer, are very large, have well-developed phyllodes, and probably 
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should be referred to Rhyncholampas. The fourth, C. trojanus, is 
small but has more developed phyllodes than are usually found in 
Cassidulus. This species, like several others, has characters of both 
Cassidulus and Rhyncholampas and cannot be referred definitely to 
either. These intermediate forms blur the distinction between the 
two genera. 

There are three American west coast species that belong to Cassid- 
ulus: C. ellipticus Kew, C. californicus Anderson, and C. ynezensis 
Kew. I have studied all the type specimens of these species, which 
are in the Museum of Paleontology at Berkeley, Calif. The two 
cotypes of Cassidulus ellipticus Kew are both poorly preserved, but 
the specimen figured in Kew’s (1920) plate 39, figure 3a, c, d, 
shows the adapical surface and is herein designated the lectotype. 
The phyllodes are not visible on either of these specimens, but from 
the small size of the low and very elongated test, supramarginal, 
transverse periproct, and monobasal apical system this species should 
be referred to Cassidulus. The neotype of Cassidulus californicus 
Anderson also should be referred to Cassidulus. Although the speci- 
men is poorly preserved, enough of one of the phyllodes is visible 
to see that it is very simple, with only one pore occluded in each 
half-ambulacrum. The test is small and elongate, and the apical sys- 
tem is monobasal. The specimen figured by Grant and Hertlein 
(1938, pl. 4, fig. 7; pl. 30, fig. 7) is wrongly referred by them to 
C. californicus. It differs from the latter in having a much larger, 
more inflated test, strongly lanceolate petals with more unequal porif- 
erous zones in each petal, more anterior apical system, more marginal 
periproct lacking an adapical overhang, a less depressed peristome, 
and less developed bourrelets. Apparently it is a new species of 
Rhyncholampas. 

Kew’s Cassidulus ynezensis is represented by one very poorly pre- 
served specimen which is slightly crushed, with a large part of the 
adapical surface missing, and so badly weathered that no details are 
discernible of the phyllodes. Kew referred this species to Rhyn- 
chopygus, but since it has a monobasal apical system, it is a Cassidulus. 
Grant and Hertlein (1938, p. 109) consider C. ynezensis as a syno- 
nym of C. californicus, but the two species are quite distinct. C. 
ynezensis is larger, lower, with sharper margin, smaller peristome, 
and narrower petals. 

Range and distribution—Eocene to Recent of worldwide distri- 
bution. 
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DESCRIPTION OF TYPE SPECIES 


CASSIDULUS CARIBOEARUM Lamarck 
Plate 26, figures 3-7; text figures 148-150 


Cassidulus cariboearum Lamarck, 1801. Systéme animaux sans vertébres, p. 349. 
For complete synonymy see Mortensen (1948, p. 205). 


Material—Two specimens studied from the Museum of Compara- 
tive Zoology at Harvard, and three from the U. S. National Museum. 

Shape.—Small, largest specimen 31 mm. long, elongate, anterior 
margin smoothly rounded, or slightly blunted posterior slightly trun- 
cated by anal groove, sides expanding slightly posteriorly with great- 
est width posterior to center. Adapical surface inflated with greatest 
height anterior at apical system; adoral surface flat. 

Apical system.—Anterior, monobasal, with four genital pores; 
according to Mortensen (1948, p. 207) genital pores first appear in 
specimens approximately 13 mm. long. 

Ambulacra.—Petals approximately equal length, broad, slightly 
closing distally. Interporiferous zones more than twice width of 
poriferous zones, tapering slightly distally; poriferous zones narrow, 
outer pore larger than inner, slightly elongated transversely; inner 
pore round, pores slightly conjugate (see pl. 26, fig. 6). Poriferous 
zones unequal in length; in petals V and I from three to seven more 
pore pairs in outer series than inner; usually equal in petals II 
and III, but in petal IV usually three more pore pairs in posterior 
series than in anterior. Pores in ambulacral plates beyond petals very 
small, single pore in each plate; on exterior of test often in line with 
outer pore of poriferous series (text fig. 148a), but on interior of 
test always in line with inner series of pores (text fig. 148b). 

Periproct.—Supramarginal, transverse, two-thirds to four-fifths 
distance from apical system to posterior margin, opening rounded 
dorsally, pointed ventrally, overhung slightly by adapical surface; 
flat groove equal in width to opening, extending to posterior margin. 

Peristome.—Large, pentagonal, transverse, anterior. 

Floscelle—Bourrelets well developed, inflated, vertically sided. 
Phyllodes (text fig. 149) single pored, widened, pores in single series 
except in few instances where one pore displaced out of series, almost 
occluded ; approximately four to six pores in each series, pores large; 
viewed from inside of test, pores in straighter line (text fig. 150) 
with less widening of phyllodes. Buccal pores present. 

Tuberculation.—Tubercles with small perforate mamelons, large 
vertical bosses. Adapically, tubercles small, with circular scrobicules ; 
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Fics. 149-153.—149, 150, Cassidulus cariboearum Lamarck: 149, Phyllode 
of ambulacrum I viewed from the outside of USNM 634001, from Antigua, 
West Indies (living), 13; 150, view from inside of same phyllode. 151, 152, 
Rhyncholampas grignonensis (DeFrance): 151, Phyllode of USNM 633997, 
from the Middle Eocene, at Cahaignes (Eure), France, 15; 152, adoral 
view of same specimen showing plate arrangement, X 1. 153, Rhyncholampas 
ellipticus (Arnold and Clark): Phyllode of ambulacrum III of holotype, 
3284, in the Museum of Comparative Zoology, Harvard, from the Eocene, 
western side of hills east of Montpelier, St. James Parish, Jamaica, x 15. 
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adorally, tubercles much larger, with polygonal scrobicules, with bosses 
eccentric anteriorly, naked, pitted area in median of interambulacrum 
5, ambulacrum III, and edge of adjacent interambulacra. 

Occurrence.—Recent of West Indies. 

Habitat.—Mortensen (1948, p. 209) suggests that the species lives 
buried in coarse sand. 

Location of type specimen.—Unknown; not found by this author 
in the Lamarck Collection at the Muséum d’Histoire Naturelle, 
Genéve, Switzerland. 


Synonym of CASSIDULUS 


Glossaster Lambert, 1918. Mém. Soc. Acad. Aube, ser. 3, vol. 55, p. 39. Type 
species by original designation, Cassidulus sorigneti Cotteau (1887, p. 512). 


Remarks.—Lambert established Glossaster as a subgenus of Pro- 
cassidulus, differentiating it from the latter by its subtriangular peri- 
stome. Unfortunately, I was unable to find any specimens of this 
species in the Paris museums, but from Cotteau’s figures it looks 
like a typical Cassidulus having a small, low test, obliquely truncated 
for the supramarginal periproct, flat adoral surface with well-devel- 
oped bourrelets, naked medial zone adorally, and short petals. The 
fact that the periproct is subtriangular does not seem of sufficient 
importance to warrant subgeneric distinction, as the shape of the 
periproct is quite variable within species of Cassidulus. 


Genus RHYNCHOLAMPAS A, Agassiz 


Rhyncholampas A. Agassiz, 1869. Bull. Mus. Comp. Zool., vol. 1, p. 270. Type 
species by subsequent designation, Lambert (1918, p. 41), Pygorhynchus 
pacificus A. Agassiz. 

Synonyms: Anisopetalus Arnold and Clark; Galerolampas Cotteau; ? Gisopygus 
Gauthier ; Plagiopygus Lambert. 


GENERIC DESCRIPTION 


Medium to large, elongate, oval or with greatest width posterior 
to center, moderately to highly inflated ; apical system anterior, mono- 
basal; petals lanceolate, equal, closing, with unequal poriferous 
zones ; ambulacra single pored beyond petals ; periproct slightly supra- 
marginal, marginal or slightly inframarginal, transverse; peristome 
anterior, pentagonal, wider than high; bourrelets moderately devel- 
oped; phyllodes single pored, widened, usually with two series of 
pores in each half-ambulacrum, approximately four pores in each 
inner series; in some species three series of pores in each half- 
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ambulacrum ; buccal pores present ; tubercles on adoral surface much 
larger than on adapical, scrobicules large, bosses eccentric anterior ; 
naked, often pitted area in interambulacrum 5, ambulacrum III. 

Comparison with other genera.—Rhyncholampas is distinguished 
from Cassidulus by its larger test, broader, lanceolate petals, gen- 
erally more posterior periproct, and more developed phyllodes with 
more occluded pores. Although the type species of these two genera 
are very distinct from one another, there are species which have 
some of the characters of both and are difficult to place definitely in 
one of them. 

Remarks.—Mortensen (1948, p. 202) incorrectly states that when 
A. Agassiz established this genus he made Cassidulus cariboearum 
the type species. Furthermore, Grant and Hertlein (1938, p. 107) 
are mistaken in saying that C. cariboearum is the type species by 
monotypy. Agassiz referred two species to his genus, C. cariboearum 
and FR. pacificus, but did not select a type species. Lambert and 
Thiéry designated FR. pacificus. Mortensen says that even if R. 
pacificus were considered as the type species of Rhyncholampas, the 
genus would still be a synonym of Cassidulus. He states that FR. 
pacificus has more developed phyllodes and that the pores in its petals 
are more unequal, but suggests that these differences may be due to 
the different size of the specimens examined, and that if specimens 
of the same size were compared, these differences might be so small 
as to be unimportant for a generic distinction. This argument would 
be pertinent if the species C. cariboearum were based on immature 
specimens, and RF. pacificus on adults. Such is not the case. Many 
specimens of C. cariboearum are known, and none are larger than 
31 mm. in length. There is no evidence that these small specimens 
are not adults. Fortunately, there are two small specimens of R. 
pacificus in the U. S. National Museum, one 21 mm. long and the 
other 35 mm., and these immature specimens are generically distinct 
from C. cariboearum. A phyllode in the smallest specimen already 
has three occluded pores (text fig. 154) in each half-ambulacrum, 
whereas no occluded pores occur in specimens of the same size or 
even larger of C. caribocarum. It is true that the pores in the petals 
of the small specimen of FR. pacificus are more equal, with the outer 
pore less elongated (pl. 28, fig. 1) than the outer pore in an adult. 
However, the shape of the petals in R. pacificus is quite different 
from the petals in C. cariboearum. In R. pacificus the petals are 
lanceolate with more of a tendency to close distally. This difference 
is evident even on the smallest specimen. 
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Range and distribution—Paleocene to Recent, of worldwide dis- 
tribution. There are many species from the Cenozoic of eastern 
United States which Cooke has referred to Plagiopygus (which he 
considers a subgenus of Cassidulus) or Cassidulus (Cassidulus), 
which probably should be referred to Rhyncholampas, including R. 
sabistonensis Kellum, R. gouldii (Bouve), R. ericsoni (Conrad), 
R. alabamensis (Twitchell), and FR. georgiensis (Twitchell). Kew’s 
west coast species Cassidulus (IRhynchopygus) mexicanus is very 
large, with well-developed broad lanceolate petals, and should be 
referred to Rhyncholampas. Unfortunately, on the holotype, and 
evidently the only specimen known of this species, the adoral surface 
is destroyed and nothing is known of the phyllodes. A photograph 
of the adapical surface is included herein on plate 29, figure 4. This 
species is quite similar to R. evergladensis (Mansfield) from south- 
eastern United States, also from the Late Miocene of Florida. Its 
phyllodes are probably similar to the very well developed phyllodes 
in R. evergladensis. 


DESCRIPTION OF TYPE SPECIES 


RHYNCHOLAMPAS PACIFICUS (A. Agassiz) 
Plate 27, figures 5-8; plate 28, figures 1-3; text figures 154-159 
Pygorhynchus pacificus A. Agassiz, 1863. Bull. Mus. Comp. Zool., vol. 1, p. 27. 


Remarks.—Mortensen (1948, p. 210) gives a very thorough de- 
scription of this species, and it is not necessary to redescribe it here, 
but new photographs are included. Although there are only four 
specimens in the collections of the U. S. National Museum, they vary 
in size from 8.5 to 55 mm. and exhibit some interesting ontogenetic 
changes described below. The smallest specimen is the smallest that 
has ever been described. 


ONTOGENY 


Apical systent.—On the smallest specimen (text fig. 159), 8.5 mm. 
long, there are no genital pores, but four gonoducts are visible on 
the inside of the test in interambulacra 1, 2, 3, and 4, near the apical 
system. There are approximately 11 madreporic pores, and only 1 
tubercle. There are still no genital pores in the specimen 21 mm. long 
(text fig. 158), but there are many more tubercles and madreporic 
pores. In the specimen 35 mm. long (text fig. 157), genital pores 
are present. 


929, from Albatross station 2995, X 20. 
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Fics. 154-159.—Growth changes in the phyllodes and apical system of Rhyncholampas 
pacificus (A. Agassiz): 154, USNM 6088, from Cape St. Lucas, Xantus; 155, USNM 
32007, from Pescadero Point, Lower California; 156, USNM 3561, from Acapulco, 
\Mexico; all of phyllode II, X10; 157, USNM 320907; 158, USNM 6088; 159, USNM 
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Ambulacra.—In the smallest specimen, the petals are short, extend- 
ing less than one-half the distance from the apical system to the mar- 
gin. In petal III there are 11 pore pairs in the left poriferous zone, 
and 1 less in the right ; in petals II and IV, 11 in the posterior porif- 
erous zones with 4 less in the anterior; in petals I and V, 14 in the 
outside zones with 6 less in the inside. Because of the few pore pairs 
in the petals, this difference in the number of pore pairs in the porifer- 
ous zones of the same petal is very marked. In the larger specimens, 
although the difference in the number of pore pairs remains approxi- 
mately the same, it is less marked because of the greater length of 
the petals. Pore pairs are added continuously throughout the growth 
of the echinoid but at a slightly decreasing rate. In the specimen 
21 mm. long there are 25 pore pairs in ambulacra III, in specimen 
35 mm. long there are 36, and in a specimen 55 mm. long there are 43. 
The plotting of these points on a graph produces a curve very similar 
to that found in an ontogenetic study (Kier, 1957, p. 853) of Echino- 
lampas fraasi De Loriol. The projection of this curve indicates that 
the first pore pairs are probably introduced in individuals between 
3 and 4 mm. long. Since there are more pore pairs in the outside 
poriferous zones of ambulacra I and V, they would first occur in 
these zones. The difference in the number of pore pairs in the 
poriferous zones in the same petal is fairly consistent in all the speci- 
mens, with I more in the left zone of petal III, except in one specimen 
in which there is I more in the right; 2 to 4 more in the posterior 
zones of petals II and IV, except for one specimen in which there 
is I less pore pair in the posterior zone of petal II; and 6 to 7 more 
in the outside zones of petals I and V. 

The shape of the pores changes with growth. In the smallest 
specimen, 8.5 mm. long, the pores are equal, both being round. 
Mortensen (1948, p. 211) says of a specimen 12 mm. long that the 
outer and inner pores “are, of course, not conjugate.” However, in 
this specimen which is even smaller than his, there is a definite con- 
jugation groove joining the pores in the petals. In the specimen 
21 mm. long (pl. 28, fig. 1) the pores of a pair are no longer equal 
as the outer pore is elongated transversely. In the specimens 35 mm. 
long (pl. 28, fig. 2) and 55 mm. long (pl. 28, fig. 3) the outer pores 
are increasingly more elongated and the conjugation groove more 
marked. 

Periproct.—On the smallest specimen, the periproct is situated less 
posteriorly than on the larger, being less than two-thirds the distance 
from the apical system to the posterior margin, whereas on the largest 
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specimen it is almost on the posterior margin. Furthermore, on the 
smallest specimen the periproct is higher, with an oblique opening, 
as opposed to the almost vertical opening in the larger specimens, 
and the opening is larger relative to the size of the test, the width of 
the opening being 21 percent of the length of the test in the smallest 
specimen but only 15 percent in the largest. 

Floscelle——In the smallest specimen the bourrelets are slightly 
developed, with the result that the peristome is oval transversely and 
not subpentagonally angular as in the larger specimen. The phyllodes 
are very slightly developed, with no widening and with only slight 
crowding of the pores, with only one or two pores slightly displaced 
from each series. In the specimen (text fig. 154) 21 mm. long, in 
ambulacrum IT the pores are much more crowded, with three pores 
occluded in each series, on the specimen 35 mm. long (text fig. 155) 
four pores are occluded, and on the specimen 55 mm. long there are 
six (text fig. 156). The phyllodes also increase relatively in width. 

Tuberculation.—It is particularly interesting to note that the tuber- 
cles in the smallest specimen are approximately the same size as they 
are in the largest. There is very little growth in a particular tubercle 
as the echinoid grows. Accordingly, the tubercles on the smallest 
specimen are very large relative to the size of the test. Presumably 
the spines would be very large on the smallest specimen also, but 
not enough spines are preserved on this specimen to be certain. 

Habitat.—According to A. Agassiz (1873, p. 555), this species 
lives on sandy beaches, from 5 to 6 feet below low-water mark, half 
buried in the sand up to the extremity of its petals. 

Occurrence.—Recent of American west coast. 

Location of type specimen—Museum of Comparative Zoology, 
Harvard. 


Synonym of RHYNCHOLAMPAS 


Anisopetalus Arnold and Clark, 1927. Mem. Mus. Comp. Zool., vol. 50, No. 1, 
p. 44. Type species by original designation, Anisopetalus ellipticus Arnold and 


Clark. 
DESCRIPTION OF TYPE SPECIES 
RHYNCHOLAMPAS ELLIPTICUS (Arnold and Clark) 
Plate 20, figures 1-3; text figure 153 


Anisopetalus ellipticus Arnold and Clark, 1927. Mem. Mus. Comp. Zool., vol. 50, 
p. 45, pl. 6, figs. 16-20. 
Material—tThe holotype and six other specimens were studied. 
Shape-—Medium size, holotype 50 mm. long, elongate, with 
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smoothly rounded anterior margin, slightly truncated posterior ; low, | 
with gently sloping sides, adoral surface flat. 

Apical system.—Anterior, monobasal. 

Ambulacra.—Petals broad, of equal length, closing distally. Porif-— 
erous zones narrow, of unequal length in holotype: six more pore — 
pairs in right poriferous zone in petal III than in left, two more in 
posterior poriferous zones of petals II and IV than in anterior zones, 
and approximately five more in outer poriferous zones of petals V 
and I. Pores conjugate, outer pore slightly elongated transversely, — 
inner pore round. Interporiferous zones wide, almost three times 
as wide as poriferous zones, tapering distally. 

Periproct.—Marginal to slightly supramarginal, transverse. 

Peristome.—Anterior, small, pentagonal, transverse. 

Floscelle—Bourrelets well developed, vertical, inflated. Phyllodes 
(text fig. 153) single pored, pores arranged in two series in each 
half-ambulacrum ; approximately eight in each outer series, four or 
five in each inner. Sphaeridia pits in two rows along midline of 
ambulacrum. Buccal pores present. 

Tuberculation—Adorally, tubercles larger, with naked, slightly 
pitted area in interambulacrum 5 and ambulacrum III. 

Occurrence.—Eocene, western side of hills east of Montpelier, 
St. James Parish, Jamaica. 

Location of type specimen.—Museum of Comparative Zoology, 
Harvard, No. 3284. 

Remarks.—Arnold and Clark distinguished their genus from Cas- 
sidulus on the grounds that the petals in Anisopetalus have poriferous 
zones of unequal length. However, as pointed out by Cooke (1959, 
p. 59) the poriferous zones in Cassidulus are also unequal. R. ellip- 
ticus is very similar to species of Rhyncholampas, and Anisopetalus 
is herein considered a synonym of Rhyncholampas. The poriferous 
zones of its petals are narrower, and its periproct is slightly more 
posterior, than usually found in Rhyncholampas, but these differences 
do not seem to warrant generic distinction for this species. 

Santos’ (1958, p. 11) Anisopetalus oliveirai from the Miocene of 
Brazil is an Echinolampas (see p. 107). 


Synonym of RHYNCHOLAMPAS 


Galerolampas Cotteau, 1889. Pal. franc., Tert., Echinides Eocénes, vol. 2, p. 1. 
Type species by monotypy, Galerolampas sorigneti Cotteau (op. cit., p. 3). 


Remarks.—Lambert and Thiéry (1921, p. 371) considered Galero- 
lampas as a subgenus of Rhyncholampas, and although Mortensen 
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(1948, p. 246) maintained it as a separate genus, he thought it very 
similar to Rhyncholampas. Unfortunately, I was not able to locate 
any specimens of the type species in the Paris museums, but from a 
study of Cotteau’s figures and an examination of the holotype of 
Rhyncholampas thieryi Lambert, a species Lambert and Thiéry con- 
sidered congeneric with the type species, Galerolampas appears to be 
a synonym of Rhyncholampas. It has the same petal arrangement, 
similar shape, transverse pentagonal peristome, well-developed flos- 
celle, and naked medial zone in interambulacrum 5 and ambulacrum 
III typical of Rhyncholampas. It differs only in having a slightly 
inframarginal periproct, whereas in most species of Rhyncholampas 
the periproct is either marginal or slightly supramarginal. This dif- 
ference does not seem of sufficient importance to warrant generic 
distinction. 


? Synonym of RHYNCHOLAMPAS 


Gisopygus Gauthier, in Fourtau, 1809. Mém. Inst. Egypt., vol. 3, p. 648. Type 
species, Rhynchopygus navillei De Loriol, by subsequent designation, Lambert 
and Thiéry (1921, p. 365). 

Remarks.—I have not seen any specimens of the type species of 
this genus. As no drawings have ever been published of the structure 
of the phyllodes, it is not possible to know for certain the generic 
affinities of this genus. Both Lambert and Thiéry (1921, p. 365) and 
Mortensen (1948, p. 252) considered this genus a synonym of 
Eurhodia. Its test, however, is not as elongate nor its adoral surface 
as flat as in Eurhodia. It seems very similar to Rhyncholampas, and 
is herein considered provisionally as a synonym of it. 


Synonym of RHYNCHOLAMPAS 


Plagiopygus Lambert, 1808. Bull. Soc. Belge Géol., ser. 2, vol. 11, p. 162. 
Type species by original designation, Nucleolites grignonensis DeFrance. 
Lambert and Thiéry (im Lambert, 1913) proposed a substitute name, Pleuro- 
pygus for Plagiopygus, considering the latter to be preoccupied by Plagiopyga 
Boheman, 1848. However, since the names are not exactly the same, Lam- 
bert’s Plagiopygus can be maintained, and Pleuropygus is a junior objective 
synonym of Plagiopygus. 


DESCRIPTION OF TYPE SPECIES 
RHYNCHOLAMPAS GRIGNONENSIS (DeFrance) 
Plate 28, figures 4-8; text figures 151, 152 
Nucleolites grignonensis DeFrance, 1825. Dict. sci. nat., vol. 35, p. 214. 
Material—Two specimens studied in the collections of the U. S. 
National Museum, and several, including Cotteau’s figured specimen, 
in the Ecole National Supérieure des Mines, Paris. 
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Shape-—Medium size, oval, inflated, greatest width and height 
posterior to center; margin gently rounded except for slight posterior 
truncation, peristome depressed. 

Apical system.—Anterior, monobasal, madreporite inflated. 

Ambulacra.—Petals narrow, petal III shorter than others, II and 
IV extending over two-thirds distance to margin; petals V and I 
over one-half distance ; interporiferous zones over twice width porif- 
erous zone; petals closing distally; poriferous zones depressed, of 
unequal length: one more pore pair in right zone of petal III, two 
more in posterior zones of petals II and IV, six more in outside zones 
of petals I and V; this character variable with specimens; pores con- 
jugate, outer pore elongate transversely, inner smaller and round. 

Adoral interambulacra.—Single plate (text fig. 152) at peristome, 
preceded by two alternating plates, one much larger than the other 
in interambulacrum 3, smaller plate adjacent to ambulacrum III; in 
interambulacra I and 4 smaller plate adjacent to ambulacra I and V 
respectively ; in interambulacrum 5 adjacent to ambulacrum I; plates 
preceding these regularly alternating, of approximately equal size. 

Periproct.—Marginal to slightly supramarginal; transverse with 
slight groove at adoral side of opening. 

Peristome.—Anterior, depressed, pentagonal. 

Floscelle—Bourrelets well developed (pl. 28, fig. 8); vertically 
sided. Phyllodes (text fig. 151) widened single pored, two series 
in each half-ambulacrum: seven or eight pores in each outer series, 
four to five in each inner series; buccal pores, sphaeridia present. 

Tuberculation—Adorally, tubercles larger; naked median band 
in interambulacrum 5, short length at ambulacrum III. 

Occurrence.—Middle Eocene of France. 

Location of type specimen.—According to Lambert and Jeannet 
(1928, p. 126) the type is in the Ecole National Supérieure des Mines. 

Remarks.—Lambert erected this genus for all the Tertiary species 
of Pygorhynchus. Later, he (Lambert and Thiéry, 1921, p. 370) 
placed his genus in synonymy with Rhyncholampas. Mortensen 
(1948, p. 203) considered it, along with Rhyncholampas, as a syno- 
nym of Cassidulus. Cooke (1959, p. 59) maintained Plagiopygus as 
a subgenus of Cassidulus, distinguishing it from the latter by its 
more terminal periproct, and more inflated posterior extremity. 

The type species of Plagiopygus is quite similar to the type species 
of Rhyncholampas and certainly congeneric with it. Both species 
have approximately the same shape, similar petals, although slightly 
more lanceolate in R. pacificus, transverse periproct and peristome, 
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very similar floscelle, and a naked band in interambulacrum 5 and 
ambulacrum IIT. 


CLYPEOLAMPADIDAE Kier, new family 


Large, highly inflated, flat adoral surface, elongate; apical system 
anterior, tetrabasal or monobasal; petals broad, straight, open, long, 
with pores joined by deep conjugation groove, poriferous zones in 
same petal of equal length, ambulacral plates beyond petals single 
pored; periproct inframarginal, transverse; peristome pentagonal, 
anterior, transverse; bourrelets moderately to strongly developed ; 
phyllodes slightly widened to broad, single pored; buccal pores pres- 
ent; narrow, naked granular zone in interambulacrum 5 adorally. 

Genera.—Clypeolampas, Vologesia. 

Range.—Cretaceous (Cenomanian-Maestrichtian). 

Comparison with other families—The Clypeolampadidae are dis- 
tinguished from Echinolampadidae by their petals, which have broad 
poriferous zones of equal length with strongly conjugated pores, 
whereas in the Echinolampadidae the poriferous zones are narrow, 
of unequal length in the same petal, and not strongly conjugated. 


Genus CLYPEOLAMPAS Pomel 


Clypeolampas Pomel, 1869. Rev. échinodermes, p. 25. Type species by monotypy, 
Clypeaster leskei Goldfuss, 1829 (=Galerites ovatus Lamarck, 1816). 
Synonym: Phylloclypeus De Loriol. 


GENERIC DESCRIPTION 


Large, elongate, highly inflated, flat adorally, apical system mono- 
basal, anterior; petals broad, open, long, unequal, outer pore of 
petaloid pores very elongated transversely, slitlike, joined to inner 
pore by narrow, deep conjugation groove, single pores in ambulacral 
plates beyond petals; periproct inframarginal, transverse ; peristome 
anterior, pentagonal; bourrelets very prominent, projecting into 
peristome ; phyllodes very broad, single pored, crowded; buccal pores 
present ; two types of tubercles: small scrobiculate, crenulate, perfo- 
rate tubercles on both adapical and adoral surface except in medial 
region of interambulacrum 5 adorally; large nonscrobiculate, non- 
crenulate, nonperforate tubercles on adapical surface and in medial 
region in interambulacrum 5 adorally. 

Comparison with other genera.—Clypeolampas is most similar to 
V ologesia, but differs in having large tubercles on its adapical surface 
and a more developed floscelle. It looks very similar, on first impres- 
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sion, to Echinolampas but differs in having much wider poriferous 
zones of equal length, with deeply conjugated pores. 

Remarks.—There has been some controversy over whether or not 
the apical system in Clypeolampas was tetrabasal or monobasal. 
Cotteau (1887, pl. 20, fig. 7) showed a tetrabasal system in his 
C. lesteli. However, the apical system in the type species of the 
genus, C. ovatus, is definitely monobasal as shown in my plate 35, 
figure 2. I did not see Cotteau’s specimen of his C. lesteli, but suspect 
that is probably monobasal also, although it is possible that this 
character may be variable in this genus. 

Range and distribution—Upper Cretaceous (Campanian to Mae- 
strichtian) of Europe and India. 


DESCRIPTION OF TYPE SPECIES 
CLYPEOLAMPAS OVATUS (Lamarck) 
Plate 35, figures 1-4; text figure 160 


Galerites ovatus Lamarck, 1816. Animaux sans vertébres, vol. 3, p. 22. 
Clypeaster leskei Goldfuss, 1829. Petrefacta Germaniae, p. 132, pl. 42, fig. 1. 


Material—Two specimens studied in the Ecole National Supérieure 
des Mines, three in the Muséum National d’Histoire Naturelle, Paris, 
one borrowed from General Collignon, and one in the U. S. National 
Museum. 

Shape—Very large, elongate, slightly pointed posterior margin, 
highly inflated adapically with greatest height at apical system; 
adorally flat with sharp margin. . 

Apical system.—Anterior, large, monobasal (pl. 35, fig. 2) with 
inflated madreporite. 

Ambulacra.—Petals broad, open, flush, extending to margin, pos-— 
terior petals longer than others; at extremities interporiferous zones 
twice width of poriferous zones; outer pore of petaloid pore pair — 
greatly elongated transversely, slitlike, joined to inner pore by deep 
narrow conjugation pore. 

Periproct.—Inframarginal, large, transverse, flush with test. 

Peristome.—Anterior, large, pentagonal, transverse. 

Floscelle-—Bourrelets very prominent, jutting out over peristome ; 
phyllodes (text fig. 160) large, broad, single pored with many pores, 
approximately 15 in each outer series of half area, 20 in each inner 
area, not arranged in series ; total of 70 pores in each phyllode ; buccal — 
pores present. 4 

Tuberculation.—Two types of tubercles: small scrobiculate, crenu- ; 
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}S. 160-164.—160, Clypeolampas ovatus (Lamarck): Phyllode of ambulacrum III of 
men in collection of General Collignon, from the Upper Cretaceous (Maestrichtian), 
pyan, France, X 6. 161, Vologesia ovum (Gratteloup): Phyllode of ambulacrum V 
‘specimen in the De Loriol Collection, Muséum d’Histoire Naturelle, Genéve, Swit- 
d, from the Upper Cretaceous (Senonian) at Bussac de Birac, & 5, 162. Pliolampas 
iert (Cotteau): Phyllode of ambulacrum I of lectotype in Lambert Collection, Sor- 
P, Paris, from the Miocene (Langhian) and St. Restitut, Drome, France, x 15, 163, 
impas pioti Gauthier: Phyllode of ambulacrum II of specimen in De Loriol Collection, 
@um d’Histoire Naturelle, Genéve, Switzerland, from the Miocene, Mont Genefeh, 
Mt, X15. 164, Pliolampas vassalli (Wright): Phyllode of ambulacrum I of specimen 
IE. 4694 in the British Museum (Natural History), from the Miocene of Malta, * 15. 
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late, perforate tubercles on both adapical and adoral surface except | 
in medial region of interambulacrum 5 adorally; large nonscrobicu- | 
late, noncrenulate, nonperforate tubercles on adapical surface and 
in medial region in interambulacrum 5) adorally. 
Occurrence.—Upper Cretaceous (Maestrichtian) of France. 
Location of type specimen.—Not known. | 
Remarks.—Lambert and Thiéry (1921, p. 374) and others have 
considered Lamarck’s Galerites ovatus as a nomen nudum and used 
Goldfuss’s Clypeus leskei instead. However, Lamarck includes a 
description of his species, and it cannot be considered a nomen nudum. 


Synonym of CLYPEOLAMPAS 


Phylloclypeus De Loriol, 1880. Mém. Soc. Phys. Hist. Nat. Genéve, vol. 27, 
p. 79. Type species by original designation, Galerites ovatus Lamarck, 1816. 


Remarks.—Phylloclypeus De Loriol is a junior objective synonym 
having the same type species as Clypeolampas. 


Genus VOLOGESIA Cotteau and Gauthier 


V ologesia Cotteau and Gauthier, 1895. Mission en Perse par J. de Morgan, 
Paléontologie, p. 65. Type species by monotypy, Vologesia tataosi Cotteau 
and Gauthier (op cit., p. 66). 

Synonyms: Hungaresia Szorenyi; Pseudovulechinus Szorenyi. 


GENERIC DESCRIPTION 


Medium to large, inflated, smooth marginal outline, often with 
greatest width anterior to center, adorally flattened; apical system 
tetrabasal; petals broad, open, unequal, posterior petals longer than 
others, outer pore greatly elongated transversely, joined to inner pore 
by narrow conjugation groove ; ambulacral plates beyond petals single 
pored ; periproct inframarginal, transverse; peristome anterior, wider 
than high, pentagonal; bourrelets well developed, phyllodes broad- 
ened, single pored, with many pores; buccal pores present; no large” 
tubercles adapically, tubercles slightly larger adorally, with narrow 
naked zone in middle of interambulacrum 5. 

Comparison with other genera.—Vologesia is very similar to” 
Clypeolampas. Both genera have a large test, strikingly similar 
petals with narrow, slitlike outer pores in the poriferous zones, 
inframarginal transverse periproct, and an inflated adapical surface 
and flattened adoral. Vologesia differs in having no large tubercles 
adapically and in having a less developed floscelle with less inflated 
bourrelets, and narrower, less crowded phyllodes. of 
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Remarks.—I was unable to find any specimens of the type species 
of this genus but studied seven species of Vologesia ovum (Gratte- 
loup), a species that appears to be congeneric with it. I include a 
photograph (pl. 35, fig. 5) of one of these specimens and a text 
figure of one of its phyllodes (text fig. 161). The apical system is 
tetrabasal in this species. 

Range and distribution—Upper Cretaceous (Cenomanian to Mae- 
strichtian) of Europe and Persia. 


Synonym of VOLOGESIA 


Hungaresia Szorenyi, 1955a. Geol. Hung., ser. Palaeont., vol. 26, p. 76. Type 
species, Hungaresia hungarica Szorenyi by original designation. 


DESCRIPTION OF TYPE SPECIES 


VOLOGESIA HUNGARICA (Szirényi) 
Plate 33, figures 5-7; text figures 183, 184 


Hungaresia hungarica Szérényi, 1955. Geol. Hung., ser. Palaeont., vol. 26, 
p. 77, fig. 25, pl. 10, figs. 14-22. 


Material—Two specimens, a cast of the holotype, and new photo- 
graphs were studied. 

Shape.—Large, 53 mm. long, elongate, with well-rounded anterior, 
posterior margin, highly inflated adapical surface, flat adoral, sharp 
margin, steep sides. 

Apical system.—Anterior, tetrabasal, with large madreporite (text 
fig. 183), small genital plates 3, 4, I. 

Ambulacra.—Petals long, open, narrow, with narrow interporif- 
erous zones, wide poriferous zones with conjugate pores, outer pore 
very elongated transversely, slitlike. 

Periproct—Inframarginal, transverse. 

Peristome.—Very eccentric anteriorly, transverse, pentagonal, small. 

Floscelle—Bourrelets well developed, inflated; phyllodes widened, 
single pored, with two series of pores in each half-ambulacrum (text 
fig. 184) ; buccal pores present. 

Location of type spectmen.—Hungarian Geological Institute, Buda- 
pest. 

Occurrence-—Upper Cretaceous (Senonian), Sumeg, Kovesdomb, 
Bakony. 

Remarks.—Szorényi states that this species has a monobasal apical 
system, but the system is definitely tetrabasal (text fig. 183). Her 
species is almost indistinguishable from Vologesia ovum (Gratte- 
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loup), having the same shape, petal arrangement with slitlike outer 
pore, tetrabasal apical system, inframarginal transverse periproct, 
and strikingly similar phyllodes. For this reason Hungaresia is 
herein considered a synonym of Vologesia. 


Synonym of VOLOGESIA 


Pseudovulechinus Sz6rényi, 1955. Geol. Hung., ser. Palaeont., vol. 26, p. 79. 
Type species by original designation, Pseudovulechinus rotundatus Szérényi. 


Remarks.—I have studied one specimen of the type species and 
suspect that it is an immature specimen of Vologesia hungarica 
Sz6rényi. This specimen and all the specimens studied by Szorényi 
are small, and they came from the same locality as the specimens of 
V. hungarica. The specimens referred to Pseudovulechinus rotun- 
datus look exactly like what a small specimen of V. hungarica would 
be expected to look like, having a similar high test, petal arrangement, 
inframarginal periproct, and single-pored phyllodes. Szérényi was 
not able to discern the apical system on her specimens, but on the 
specimen sent to me it is definitely tetrabasal. 


PLIOLAMPADIDAE Kier, new family 


Medium to large, elongate, moderately inflated; apical system 
monobasal, three or four genital pores; periproct inframarginal, 
usually longitudinal; peristome anterior, usually higher than wide; 
petals narrow or broad, open or closed, outer pore greatly elongated 
transversely, strongly conjugate; poriferous zones of same petal of 
same length; single pore in all ambulacral plates beyond petals ; bour- 
relets well developed, few or many pores; buccal pores present; 
adoral tubercles slightly larger than adapical, usually no naked, 
granular zone in interambulacrum 5. 

Genera.—Pliolampas, Termieria, Zuffardia, Kephrenia, Santee- 
lampas, Neocatopygus, Ilarionia, Gitolampas, Daradaster, Eurhodia, 
Studeria, Pseudopygaulus. 

Range.—Cretaceous (Senonian) to Recent. 

Comparison with other genera—The Pliolampadidae are not very 
homogeneous and may not represent a natural or phylogenetic group- 
ing. They are distinguished from the Echinolampadidae by their 
lack of a narrow, naked, granular zone in interambulacrum 5 (except 
in Ilarionia and some species of Gitolampas), wider outer poriferous 
zones, and poriferous zones of equal length in the same petal. They 
differ from the Faujasidae in not having large pointed bourrelets 
and very broad phyllodes. 
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Genus PLIOLAMPAS Pomel 


Pliolampas Pomel, 1888. Bull. Soc. Géol. France, ser. 3, vol. 16, p. 446. Type 
species by monotypy (Pomel, 1883, p. 63, pro Plesiolampas Pomel non Duncan 
and Sladen, 1882), Echinolampas gauthieri Cotteau. 

Synonyms: Breynella Gregory; Milletia Duncan. 


GENERIC DESCRIPTION 


Medium size, elongate, moderately inflated; apical system mono- 
basal with three or four genital pores, pore may be absent in left 
anterior genital ; petals well developed, open, broad, equal, with broad 
poriferous zones, conjugate pores, ambulacral plates beyond petals 
single pored; periproct inframarginal; peristome anterior, higher 
than wide, pentagonal; bourrelets well developed; phyllodes broad, 
with large single pores, few in inner series; tubercles slightly larger 
adorally, no naked granular zone adorally in interambulacrum 5. 

Comparison with other genera.—Pliolampas is distinguished from 
Termieria in having a pentagonal peristome, more crowded phyllodes, 
and a longer petal III. These differences may only reflect the imma- 
turity of all the specimens known of the type species of Termieria, 
and the two genera may be synonymous. Pliolampas differs from 
Studeria in having an inframarginal periproct and less developed 
bourrelets. 

Remarks.—There has been considerable confusion and controversy 
over the number of genital pores in this and related genera. Accord- 
ing to Lambert (1913, p. 131) there are only three genital pores in 
the type specimen of the type species of this genus, Pliolampas 
gauthieri. I have studied this specimen and am uncertain whether 
there are three or four. The apical area is not well preserved. How- 
ever, in Pholampas pioti Gauthier there are three or four genital 
pores. Of the seven specimens of this species in the De Loriol Col- 
lection at Geneva, five of them have the apical system preserved. In 
all five of these there are only three genital pores, no pore being in 
the left anterior genital (pl. 36, fig. 5). Both Gauthier (im Fourtau, 
1899, p. 713) and Fourtau (1920, p. 62) report specimens of this 
species with three or four genital pores. Mortensen (1948, p. 249) 
admits that “it seems thus incontestable that in this species the num- 
ber of the genital pores is either four or three.” Regardless of this, 
Mortensen suggests that species with four genital pores should not 
be placed in Pliolampas, but should form a genus of their own. Such 
an action is unreasonable, as Pliolampas pioti with both three and 
four genital pores would have to be referred to two genera. There 


194 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


is no question that Pliolampas pioti is congeneric with Pliolampas 
gauthieri. Both species have similar shape, broad, equal petals with 
broad poriferous zones, longitudinal pentagonal peristomes, and 
strikingly similar phyllodes, broad, with five to six pores in the outer 
series, one or two in the inner ia each half-ambulacrum. As P. pioti 
has never been well figured, I include photographs on plate 36, 
figures 4-7, and a drawing of a phyllode in text figure 163. 

Mortensen (1948, p. 249) states that all species similar to Pho- 
lampas having four genital pores should be referred to Breynella 
Gregory ; restricting the three-pored species to Plolampas. However, 
the type species of Breynella, Pliolampas vassalli (Wright), has only 
three genital pores. B. vassalli is very similar to P. piott, and Brey- 
nella is considered, herein, a synonym of Pliolampas. 

Lambert and Thiéry (1921, p. 371) state that a granular sternal 
zone is a character of Pliolampas. However, this zone is not developed 
in the lectotype of the type species. 

Range and distribution—Eocene to Pliocene of the circum-Medi- 
terranean countries and the Malay Archipelago. 


DESCRIPTION OF TYPE SPECIES 


PLIOLAMPAS GAUTHIERI (Cotteau) 
Plate 36, figures 1-3; text figure 162 


Echinolampas gauthieri Cotteau, 1880 (reference not seen). 


Material_—There are two specimens of this species in the Lambert 
Collection. One of these, the lectotype, was figured by Cotteau in 
his original description and designated as “type” by Lambert (1913, 
p. 131). The other specimen is from the same locality but was not 
figured. 

Shape-—Medium size, elongate, with pointed posterior margin, 
slightly inflated with greatest height anterior at apical system, de- 
pressed posteriorly ; adorally depressed around peristome. 

Apical system.—Anterior, monobasal, genital pores small, number 
of pores not certain. 

Ambulacra.—Petals, similar, broad, open, interporiferous zones 
narrow ; poriferous zones very wide, widening distally, pores deeply 
conjugate. 

Periproct—Inframarginal, transverse. 

Peristome.—Anterior, longitudinal (higher than wide), pentagonal, 
depressed. 

Floscelle-—Bourrelets well developed, inflated; phyllodes bread, 
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with large single pores (text fig. 162) in two series in each half- 
ambulacrum: five or six pores in each outer series, one or two in 
each inner; buccal pores present. 

Tuberculation.—Adorally, tubercles slightly larger than adapically ; 
no naked medial zone in interambulacrum 5. 

Occurrence.—Miocene (Langhian), St. Restitut, Drome, France. 

Location of type specimens.—Lectotype and figured paratype in 
Lambert Collection, Sorbonne, Paris. 


Synonym of PLIOLAMPAS 


Breynella Gregory 1891. Trans. Roy. Soc. Edinburgh, vol. 36, pt. 3, No. 22, 
p. 600. Type species Pygorhynchus vassalli Wright, by subsequent designation, 
Cooke (1942, p. 38). 


DESCRIPTION OF TYPE SPECIES 


PLIOLAMPAS VASSALLI (Wright) 
Plate 37, figures 1-4; text figure 164 


Pygorhynchus vassalli T. Wright, 1855. Ann. Mag. Nat. Hist., ser. 2, vol. 15, 
pp. 271-272. 


Material—lI have studied the lectotype (British Museum No. E. 
1581) designated by Gregory (1891, p. 602), and one other well- 
preserved specimen in the same museum. 

Shape.—Small to medium size, elongate, greatest width posterior 
to center, adapical surface flat, margins vertical, peristome depressed. 

Apical system.—Anterior, compact (pl. 37, fig. 2), with three large 
genital pores, genital 3 not pierced; ocular plates small. 

Ambulacra.—Petals broad, with wide poriferous zones, narrow 
interporiferous; pores strongly conjugate, outer pore obliquely elon- 
gated, inner pore round; petal III widely open, other petals closing 
slightly distally ; petals V and I longer than others. 

Periproct.—Marginal to slightly inframarginal, longitudinal. 

Peristome.—Anterior, higher than wide; pentagonal. 

Floscelle-—Bourrelets well developed ; phyllodes single pored (text 
fig. 164), with pores arranged in two series in each half-ambulacrum, 
approximately six pores in each outer series, two in each inner ; 
buccal pores present. 

Ornamentation.—Adorally, tubercles slightly larger than adapi- 
cally ; no naked, pitted zone in interambulacrum 5. 

Occurrence.—Miocene (Globigerina limestone) of Malta. 

Location of type specimen.—British Museum (Natural History). 
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Remarks —Breynella is herein considered a junior subjective syno- 
nym of Pliolampas. Its type species is very similar to the type species 
of Pliolampas. Both are of similar shape and size with equal, open, 
and broad petals, with broad poriferous zones, and a longitudinal 
peristome. In both species the floscelle is well developed, with phyl- 
lodes with five or six single pores in each outer series and one or 
two in each inner. 

Lambert and Thiéry (1921, p. 366) considered Breynella as a 
synonym of Echinanthus Breynius, but referred all the species that 
Gregory included in his original description of the genus to Plio- 
lampas. Later, they (1924, p. 397) placed Breynella as a synonym 
of Gitolampas. P. vassalli differs from Gitolampas in having broader 
petals, with wider poriferous, narrower interporiferous zones, and 
higher than wide peristome. Mortensen (1948, pp. 247, 249) pro- 
visionally refers Breynella to Plhiolampas, but because he mistakenly 
thought that Breynella had four genital pores, he suggests that it 
map be distinct from Pliolampas. Cooke (1942, p. 38) considered 
Breynella a synonym of Echinolampas, but Breynella has much 
broader equal poriferous zones with the outer pore greatly elongated 
and strongly conjugate, a longitudinal periproct, and a higher than 
wide peristome. 


Synonym of PLIOLAMPAS 
Genus MILLETIA Duncan 


Milletia Duncan, 1891. Journ. Linnean Soc. (Zool.), vol. 23, p. 191. Type species 
by original designation, Echinolampas elegantulus Cotteau, 1883. Bull. Soc. 
Zool. France, vol. 8, pp. 458-460, pl. 15, figs. 6-8. Millet (1854, p. 178; 1865, 
p. 611) has been considered the author of this species. However, in both 
these references the name is a nomen nudum with no description, only locality 
data. 


Remarks.—I was unable to find any specimens of the type species 
in Europe. Cotteau (1883, p. 460) states that all the specimens are 
in the collection of M. l’Abbé Bardin. 

Lambert and Thiéry (1921, p. 371) and Mortensen (1948, p. 247) 
consider Milletia a synonym of Pliolampas. Its type species is similar 
to the type species of Pliolampas in shape, with a pointed posterior 
margin, in having broad, equal petals with broad poriferous zones, 
and in having a longitudinal peristome. It has only three genital 
pores, a feature common in Pliolampas. Cotteau (1883, pl. 15, fig. 8) 
shows double pores in the phyllodes of P. elegantulus. This is 
certainly a mistake on the part of the artist, as the phyllodes are no 
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doubt single pored. Cotteau’s artist almost invariably showed double 
pores in the phyllodes whether they were double or single. 

Occurrence.—Miocene, Chavagnes, Martigné, Doué (Maine et 
Loire), France. 


Genus TERMIERIA Lambert 


Termieria Lambert, 1931. Mém. Soc. Géol. France, vol. 7, pp. 30-31. Type 
species by original designation, Termieria henrici Lambert. 


GENERIC DESCRIPTION 


Small, elongate, apical system monobasal; petals broad, unequal, 
petal III short, pores conjugate; ambulacral plates beyond petals 
single pored; periproct inframarginal, round; peristome anterior, 
round; bourrelets and phyllodes slightly developed, phyllodes single 
pored ; buccal pores present. 

Comparison with other genera.—Lambert placed this genus in the 
archiacids presumably because of the short petal III. However, this 
genus is not similar to Archiacia. Its shape, petal arrangement, apical 
system, and phyllodes are completely different. It is most similar to 
Pholampas, but differs in having a round peristome, narrower phy]l- 
lodes with fewer pores, and a shorter petal III. 

Remarks.—It is possible that the only two specimens known of 
the type species of this genus are immature, and that some of the 
characters considered to be generic would not occur in mature speci- 
mens. Petal III in the lectotype is very short relative to the other 
petals. In a larger specimen, it would not be so short in proportion 
to the other petals. Only the difference in the number of pore pairs 
would remain constant. In the lectotype, there are seven more pore 
pairs in petals II and IV than in petal III (16 in petals II and IV, 
9 in petal III). However, in a larger specimen, although the differ- 
ence in the number of pore pairs would remain the same (Kier, 1957, 
p. 851), the proportional difference between the number of pore pairs 
and, therefore, between the length of the petals, would change. For 
example, if there were 32 pore pairs in petals II and IV, there would 
be 25 in petal III, and it would, therefore, be much longer relative 
to the other petals than it would be in a smaller specimen. The lack 
of crowding of the phyllodal pores and the small number of sphaeridia 
in the type specimens may be further evidence that these specimens 
are immature. Larger specimens, if they occurred, may have had 
crowded phyllodes and many more sphaeridia. In a growth series 
in Echinolampas fraasi De Loriol (Kier, 1957, p. 851), specimens of 
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approximately the same size as the specimens of Termieria henrict 
had only slightly crowded phyllodes with very few sphaeridia, whereas 
in the larger specimens the pores in the phyllodes were very crowded 
and the sphaeridia very numerous. 

Range and distribution—Upper Cretaceous (Maestrichtian) of 
Morocco. Mortensen (1948, p. 329 and explanation to text fig. 308) 
refers Duncan and Sladen’s Echinanthus enormis from the Paleocene 
of India to Termieria. It only resembles T. henrici in its short petal 
III, but in all other characters is quite distinct. The petals in £. 
enormis are longer, narrower, with narrower poriferous zones; the 
phyllodes are much more developed, with two series of pores in each 
half-ambulacrum, bourrelets strongly developed, and the test higher. 
This Indian species seems distinct from any other genus, but as | 
have seen no specimens of this species, I hesitate to erect a new 
genus for it. 


DESCRIPTION OF TYPE SPECIES 
TERMIERIA HENRICI Lambert 
Plate 37, figures 5-7; text figure 165 


Termieria henrici Lambert, 1931. Mém. Soc. Géol. France, vol. 7, p. 31, pl. 1, 
figs. 31-35. 


Material.—I have studied the only two specimens, syntypes, known 
of this species. I designate as lectotype the specimen figured by 
Lambert (1931) on his plate 1, figures 31-34. This specimen is well 
preserved adapically and shows the petals clearly. The other speci- 
men, a figured paratype (Lambert, op. cit., pl. 1, fig. 35) is poorly 
preserved adapically but shows clearly the peristomal region. Appar- 
ently no other specimens are known of this species. 

Shape.—Small, lectotype 14.3 mm. long, elongate, with greatest 
width posterior to center, low posteriorly, inflated anteriorly, with 
greatest height near anterior margin; adoral surface flattened, with 
peristome slightly depressed; posterior margin pointed. 

Apical system.—Anterior, monobasal. 

Ambulacra.—Petals broad, with tendency to close distally, of un- 
equal length; posterior petals I and V extending slightly more than 
one-half distance from apical system to posterior margin, 21 pore 
pairs in each poriferous zone in lectotype; petals II and IV almost 
transverse, shorter than posterior petals, with 16 pore pairs in each 
poriferous zone; petal III very short, less than one-half length of 
petals II and IV, with 9 pore pairs in each poriferous zone; both 
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interporiferous and poriferous zones wide, with interporiferous zone 
slightly wider; pores conjugate, outer pore elongated transversely in 
all petals but less in petal II than in other petals. 

Peristome.—Anterior, round, large. 

Periproct.—Inframarginal, round. 

Floscelle-——Bourrelets present but slightly developed, no inflated; 
phyllodes (text fig. 165) slightly developed, single pored, with only 
slight crowding of the pores near the peristome. Three large pits, 
presumably for sphaeridia, in each ambulacrum behind the buccal 
pores, with regular arrangement, first pit half-moon-shaped followed 
by two round pits. 

Occurrence-—Upper Cretaceous (Maestrichtian—Danian of Dou- 
villé) from Bekrit, Morocco. 

Location of type specimens—Sorbonne (Lambert Collection) 
Paris, France. 


Genus ZUFFARDIA Checchia-Rispoli 


Zuffardia Checchia-Rispoli, 1917. Rend. Roy. Accad. Lincei, ser. 5a, vol. 26, 
p. 492. Type species by original designation, Pseudocatapygus sanfilippoi 
Checchia-Rispoli. 


GENERIC DESCRIPTION 


Medium, oval, highly inflated; apical system monobasal; petals 
well developed, broad, ambulacral plates beyond petals single pored ; 
periproct marginal, longitudinal; peristome pentagonal, higher than 
wide ; bourrelets well developed, phyllodes single pored ; buccal pores 
present. 

Comparison with other genera.—Zuffardia is similar to Pliolampas 
in having broad petals with broad poriferous zones of equal length, 
a longitudinal pentagonal peristome, and similar phyllodes. It differs 
in having a more inflated test, a marginal periproct, and a smoothly 
rounded posterior margin. 

Range and distribution.—Upper Cretaceous (Senonian) of Tripoli. 


DESCRIPTION OF TYPE SPECIES 
ZUFFARDIA SANFILIPPOI (Checchia-Respoli) 
Plate 37, figures 8-10; text figure 166 
Pseudocatapygus sanfilippoi Checchia-Rispoli, 1914. Giorn. Sci. Nat. ed Econ., 
vol. 30, p. 5, pl. 1, figs. 8, 8c. 
Material—The three type specimens studied. 
Shape-—Medium size, oval, highly inflated with evenly rounded 
adapical surface, flat adoral surface around peristome. 
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Apical system—Anterior, monobasal, ocular plates very small. 

Ambulacra.—Petals well developed, broad, closing slightly distally, 
petals V, I longer than others; poriferous zones very wide, pores 
conjugate, outer pore slitlike, inner round; interporiferous zones 
less than twice width of poriferous zones. 

Periproct.—Marginal, small, longitudinal, pointed adapically. 

Peristome.—Slightly anterior, pentagonal, higher than wide. 

Floscelle-—Bourrelets well developed, peristome vertically sided. 
Phyllodes (text fig. 166) single pored, slight broadening near peri- 
stome, pores arranged in two series in each half-ambulacrum: five 
to seven pores in each outer series, three to four in each inner; 
sphaeridia in two rows along midline of each ambulacrum; buccal 
pores present. 

Occurrence.—Upper Cretaceous (Senonian) of Tripoli. 

Location of type specimens.—Istituto Geologico dell’ Universita 
di Palermo. 


Genus KEPHRENIA Fourtau 


Kephrenia Fourtau, 1909. Bull. Inst. Egypt., ser. 5, vol. 2, p. 138. Type species 
by original designation, Kephrenia lorioli Fourtau. 


GENERIC DESCRIPTION 


Medium size, elongate, moderately inflated; apical system slightly 
anterior, monobasal, with four genital pores; petals equal, closed with 
broad interporiferous, narrow poriferous zones, strongly conjugated 
pores; ambulacral plates beyond petals single pored; periproct mar- 
ginal, slightly visible adorally, peristome anterior, pentagonal, higher 
than wide; bourrelets well developed; phyllodes widened, single 
pored, two series of pores in each half-ambulacrum; buccal pores 


present. 


Figs. 165-170.—165, Termieria henrici Lambert: Phyllode of ambulacrum III 
of lectotype in Lambert Collection, Sorbonne, Paris, from the Upper Cretaceous 
(Maestrichtian), from Bekrit, Morocco, & 21. 166, Zuffardia sanfilippoi (Chec- 
chia-Rispoli): Phyllode of ambulacrum IV of holotype in Istituto Geologico 
dell’? Universita di Palermo, from the Upper Cretaceous (Senonian) of Trip- 
oli, X 8. 167, Kephrenia lorioli Fourtau: Phyllode of ambulacrum of holotype 
in the Geological Museum, Cairo, Egypt, from the Lower Eocene, east of Minia, 
Egypt, X15. 168, Santeelampas oviformis (Conrad) : Phyllode of ambula- 
crum I of USNM 638680, from the Middle Eocene, Santee limestone, at the 
Santee-Cooper dam, Berkeley County, S. C., X 15. 169, Neocatopygus rotundus 
Duncan and Sladen: Phyllode of ambulacrum I, from specimen C3152 in the 
collections of the University of California, from ‘the Paleocene of India, < 15. 
170, nes beggtatoi (Laube) : Phyllode of ambulacrum V of Dames’ (187 
pl. 5, fig. 2) figured specimen in the Institut und Museum der Humboldt- 
Universitat zu Berlin, from the Eocene, San Giovanni, Vicentin, * I5. 
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Comparison with other genera—Lambert and Thiéry (1921, p. 
371) and Mortensen (1948, p. 247) considered Kephrenia a synonym 
of Pliolampas. In Kephrenia, however, the petals are closed and have 
narrow poriferous zones, whereas in Pliolampas they are open and 
have very broad poriferous zones. It differs from Gitolampas in 
having a transverse periproct and a higher than wide peristome. 

Remarks.—Fourtau, in his description of the genus, states that 
its periproct is supramarginal, but in the holotype of the type species 
it is marginal to inframarginal and visible adorally. 

Range and distribution—Eocene of Egypt. 


DESCRIPTION OF TYPE SPECIES 


KEPHRENIA LORIOLI Fourtau 
Plate 38, figures 1-6; text figure 167 


Kephrenia lorioli Fourtau, 1909. Bull. Inst. Egypt., ser. 5, vol. 2, p. 139, pl. 9, 

figs. I-5. 

Material—Holotype and two paratypes studied. 

Shape-—Small to medium size, low, elongate, posterior margin 
pointed, anterior margin rounded, greatest width posterior to center, 
adapical and adoral surface flattened. 

Apical system.—Slightly anterior, monobasal, four genital pores. 

Ambulacra.—Petals equal length, broad, closing distally, inter- 
poriferous zone twice width of poriferous zone; pore pairs conjugate, 
outer pore transversely elongate, inner round; poriferous zones 
tapering distally. 

Periproct.—Slightly marginal to inframarginal, slightly visible 
adorally, transverse, slight groove adoral to opening. 

Peristome.—Anterior, pentagonal, higher than wide, slightly de- 
pressed around opening. 

Floscelle-—Bourrelets well developed ; phyllodes single pored (text 
fig. 167), eight pores in each outer series, three in each inner ; buccal 
pores present. 

Tuberculation—Adorally, tubercles slightly larger than adapically ; 
presence or absence of naked medial zone in interambulacrum 5 
not clear on specimens studied. 

Occurrence.—Lower Eocene, east of Minia, Egypt. 

Location of type specimens.—Geological Museum, Cairo, Egypt. 

Remarks.—Gorodiski (1951, p. 325) described what he considered 
to be a variety of this species from the Middle Eocene of Senegal. 
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Genus SANTEELAMPAS Cooke 


Santeelampas Cooke, 1959. Geol. Surv. Prof. Pap. 321, p. 61. Type species by 
original designation, Catopygus oviformis Conrad. 


GENERIC DESCRIPTION 


Medium size, elongate, highly inflated, apical system monobasal, 
very eccentric anteriorly; petals straight, narrow, open, pores con- 
jugate, poriferous zones in same petal of equal length, ambulacral 
plates beyond petals single pored; periproct marginal, longitudinal ; 
peristome pentagonal higher than wide; bourrelets well developed, 
phyllodes single pored, broad, pores in two series in each half- 
ambulacrum, few in inner series; no naked zone in interambulacrum 
5 adorally. 

Comparison with other genera.—Santeelampas is similar to Gito- 
lampas in its peristome, floscelle, and position and shape of its 
periproct, but differs in having narrower, open petals, and a narrower, 
more inflated test. It is similar to some species of Pliolampas in the 
shape of its test, but differs in having narrower poriferous zones in 
its petals and a wider than high peristome. It is distinguished from 
Echinolampas by its petals with poriferous zones of equal length in 
the same petal, and longitudinal periproct. 

Range and distributionMiddle Eocene of eastern United States. 


DESCRIPTION OF TYPE SPECIES 


SANTEELAMPAS OVIFORMIS (Conrad) 
Plate 38, figures 7-10; text figure 168 


Catopygus oviformis Conrad, 1850. Journ. Acad. Nat. Sci. Philadelphia, ser. 2, 
vol. 2, p. 39, pl. 1, fig. 15. 


Material—Holotype and one other specimen studied. 

Shape.—Medium size, elongate, highly inflated, greatest width and 
height posterior to center, anterior margin smoothly rounded, pos- 
terior pointed when viewed from above, slightly truncated from 
below, with posterior margin tilted; sides smoothly rounded, adoral 
surface slightly depressed at peristome. 

Apical system.—Very eccentric anteriorly, monobasal, four genital 
pores. 

Ambulacra.—Petals narrow, long, open, petal III shorter than 
others, petals V and I longest; poriferous zones narrow, of equal 
length in same petal, pores conjugate, inner round, outer slightly 
elongated obliquely; interporiferous zones slightly less than twice 


204 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144 


width of poriferous zones; single pores in ambulacral plates beyond 
petals. 

Periproct—Marginal, slightly visible from below, longitudinal, at 
top of slight groove. 

Peristome.—Anterior, pentagonal, wider than high. 

Floscelle-—Bourrelets well developed; phyllodes (text fig. 168) 
single pored, broad, with four to five pores in each outer series, two 
in each inner; buccal pores present. 

Tuberculation—Adorally, tubercles slightly larger than adapically ; 
no naked zone in interambulacrum 5. 

Occurrence.—Middle Eocene of South Carolina. 

Location of type specimen.—Academy of Natural Sciences, Phila- 
delphia, No. 1477. 


Genus NEOCATOPYGUS Duncan and Sladen 


Neocatopygus Duncan and Sladen, 1882. Pal. Indica, ser. 14, vol. 1, pt. 2, p. 76. 
Type species by monotypy. Neocatopygus rotundus Duncan and Sladen, 1882. 


GENERIC DESCRIPTION 


Medium size, highly inflated, broad, flat adorally; apical system 
anterior, monobasal; petals broad, equal in length, closing distally, 
pores strongly conjugated, oblique to each other, ambulacral plates 
beyond petals single pored; periproct inframarginal, oval ; peristome 
anterior, pentagonal, wider than high; bourrelets well developed, 
forming rim around peristome; phyllodes widened, single pored, 
pores arranged in three series in each half-ambulacrum, buccal pores 
present ; tubercles slightly larger adorally; no naked sternal region. 

Comparison with other genera.—Neocatopygus is most similar to 
Gitolampas, but is distinguished from it by its broader and more 
highly inflated test. 

Range and distribution.—Paleocene of India. Only one species 
is known. 


DESCRIPTION OF TYPE SPECIES 
NEOCATOPYGUS ROTUNDUS Duncan and Sladen 
Plate 39, figures 1-3; text figure 169 


Neocatopygus rotundus Duncan and Sladen, 1882. Pal. Indica, ser. 14, vol. 1, 
pt. 2, pp. 76-78, pl. 16, figs. I-10. 


Material.—Three specimens were studied from the Museum of 
Paleontology, University of California, Berkeley, Calif. The lecto- 
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type is herein designated to be the specimen figured by Duncan and 
Sladen (op. cit., pl. 16, figs. 1-7). New photographs of this specimen 
were sent me by the Indian Geological Survey. 

Shape.—Medium size, lectotype 34 mm. long, margin rounded 
anteriorly, pointed posteriorly, broad, highly inflated with greatest 
height posterior to center, steep sides, flat adoral surface with flush 
peristome. 

Apical system.—Anterior, monobasal, four genital pores. 

Ambulacra.—Petals well developed, broad, closed, slightly inflated, 
equal length, extending two-thirds distance to margin; interporif- 
erous zones twice width poriferous zones at greatest width; porif- 
erouls zones broad, pores strongly conjugate, outer pore elongate, 
situated oblique to inner pore with inner pore nearer apical system; 
plates beyond petals single pored. 

Periproct.—On top of posterior prolongation, small, oval, infra- 
marginal, slightly overhung by adapical surface. 

Peristome.—Pentagonal, transverse, anterior, flush with test. 

Floscelle——Bourrelets well developed, forming rim around peri- 
stome; phyllodes (text fig. 169) widened, single pored, flush with 
test, with three longitudinal series of pores in each half area, 10 to 
12 pores in each outer series, 2 to 4 in the middle, 6 to 8 in each 
inner series; plate sutures visible around inner pores; buccal pores 
present. 

Tuberculation.—Adorally, tubercles slightly larger than adapically ; 
apparently no naked sternal area but region not well preserved on 
any specimen studied by this author. 

Occurrence.—Paleocene-Ranikot Series, India. 

Location of type specimen.—Geological Survey of India, Calcutta, 
India (personal communication from V. R. Khedker). 

Remarks.—Duncan and Sladen state that the periproct is supra- 
marginal, but in the new photographs, and their figures of the lecto- 
type, and in all the other specimens I studied, the periproct is low 
on the posterior margin and visible from below. 


Genus ILARIONIA Dames 


Ilarionia Dames, 1878. Palaeontogr., vol. 25, p. 34. Type species by monotypy, 
Echinanthus beggiatoi Laube, 1868. 


GENERIC DESCRIPTION 


Medium size, elongate, inflated with steep sides, flat adorally; 
apical system anterior, monobasal, four genital pores; petals broad, 
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closing distally, narrow poriferous zones, ambulacral plates beyond 
petals single pored; periproct marginal, longitudinal; peristome an- 
terior, pentagonal, usually with rim around opening; bourrelets ver- 
tical, not inflated; phyllodes single pored, narrow, few occluded 
pores; buccal pores present; adoral tubercles only slightly larger 
than adapical; very narrow, naked, often pitted medial zone in inter- 
ambulacrum 5 adorally. 

Comparison with other genera.—lIlarionia is very similar to Gito- 
lampas, but differs in having less developed phyllodes and bourrelets. 
In Ilarionia the phyllodes are narrow with very few occluded pores, 
whereas in Gitolampas they are widened with a regular inner series 
of pores in each half-ambulacrum. Furthermore, in Jlarionia there 
is a narrow naked medial zone in interambulacrum 5 adorally, but 
none in Gitolampas. There is usually a rim surrounding the peristome 
in Jlarionia. 

Tlarionia is distinguished from Pholampas by its narrower porif- 
erous zones, more closed petals, marginal instead of inframarginal 
periproct, and less developed bourrelets and phyllodes. 

Remarks.—Mortensen (1948, p. 255) and Lambert and Thiéry 
(1921, p. 369) state that there is no floscelle in J/arionia. They were 
probably misled by Dames’ erroneous figure of the peristome of the 
type species. I have seen specimens of both the type species and 
Tlarionia sindensis Duncan and Sladen, and in both species there are 
vertically sided bourrelets and slightly developed phyllodes. 

Range and distribution—Eocene of Europe, India, Madagascar. 


DESCRIPTION OF TYPE SPECIES 


ILARIONIA BEGGIATOI (Laube) 


Plate 30, figures 4-10; text figure 170 


Echinanthus beggiatoi Laube, 1868. Sitzungsb. Kais. Akad. Wiss., Math.- 
Naturw., vol. 20, p. 22. 


Material—Two specimens studied from Geologisch-Palaontolo- 
gisches Institut und Museum der Humboldt-Universitat zu Berlin. 
One of the specimens figured by Dames (1878, pl. 5, fig. 2), the other 
mentioned by him in his description. 

Shape.—Medium size, largest of two specimens studied 44 mm. 
long, elongate, anterior margin smoothly rounded, posterior pointed 
when viewed from above, blunted when viewed from below; sides 
steep; adoral surface flat, peristome almost flush with test. 


OE 
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Apical system.—Anterior, monobasal, madreporic pores over all 
central region. 

Ambulacra.—Petals well developed, very wide, interporiferous 
zones over twice width poriferous zones, petals closing distally ; 
petals II, III, [IV extending almost to margin, petals V, I two-thirds 
distance to margin, longer than other petals ; pores strongly conjugate, 
inner pore round, outer slightly elongate transversely, joined by deep 
conjugation groove. 

Periproct.—Marginal, flush with test, higher than wide. 

Peristome.—Regular, anterior pentagonal, flush with test, with 
high wall-like rim surrounding opening. 

Floscelle——Bourrelets well developed, vertical sided. Phyllodes 
(text fig. 170) slightly developed with only slight increase in width 
of ambulacra near peristome, and slight crowding of pores ; approxi- 
mately three pores occluded in each phyllode; buccal pores present. 

Tuberculation.—Adorally tubercles only slightly larger than adap- 
ically ; naked, finely pitted medial area adorally in interambulacrum 5. 

Occurrence of type species——Eocene, San Giovanni, Vicentin. 

Location of type specimen.—Not known. 

Remarks.—Dames’ (1878, pl. 5, fig. 2d) figure of the peristome 
is diagrammatic and in part erroneous. I was able to study Dames’ 
figured specimen and include an enlarged photograph (pl. 39, fig. 7) 
of its peristome. The two large tubercles that Dames shows in each 
ambulacrum at the peristome are not present, and the peristome is 
deep, with well-developed bourrelets, not shallow and without bour- 
relets as stated by Dames. 


Genus GITOLAMPAS Gauthier 


Gitolampas Gauthier, 1889a. Ech. foss., Tunisie, pp. 98-99. Type species by 
monotypy, Pliolampas tunetana Gauthier. 

Synonyms: Bothriolampas Gauthier ; Echanthus Cooke; Gitolampopsis Checchia- 
Rispoli. 


GENERIC DESCRIPTION 


Medium size, elongate, often with pointed posterior extremity, 
greatest width posterior to center, rounded margin; apical system 
monobasal, anterior, four genital pores ; petals well developed, broad, 
closing distally, with broad interporiferous zones, poriferous zones 
of same petal of same length, pores conjugate, outer pore elongate 
but not slitlike, ambulacral plates beyond petals single pored; peri- 
proct marginal, slightly visible from above or below, longitudinal ; 
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peristome transverse, anterior, large, subpentagonal; bourrelets well 
developed, vertical walled; phyllodes broad, single pored, with two 
or sometimes three series of pores in each half-ambulacrum ; buccal 
pores present. 

Comparison with other genera——Some species of Gitolampas are 
very similar to species of Echinolampas, but can always be distin- 
guished by their longitudinal periproct, and poriferous zones of equal 
length in the same petal. This genus is distinguished from Kephrema 
by its longitudinal periproct and wider than high peristome. 

In this genus, the phyllodes usually have two series of pores in 
each half-ambulacrum, but in a specimen I studied of G. desmoulint 
(Delbos) figured by Cotteau (1888, pl. 162) the phyllodes are very 
crowded, with the pores in three irregular series (text fig. 174). 

Range and distribution—Upper Cretaceous (Senonian) to Miocene 
of Europe, North Africa, Madagascar, India, and the United States. 

Remarks.—Included in this genus are many of the species pre- 
viously referred to Echinanthus Breynius (1732). Mortensen (1948, 
p. 240) and Lambert and Thiéry (1921, p. 366) maintained this 
genus even though it was pre-Linnean. As discussed on page 220, 
Echinanthus must be attributed to Leske (1778), the first post- 
Linnean author to use the name. Both Gitolampas scutella (Lamarck) 
and Gitolampas cuvieri (Minster) have been considered as the type 
species of Echinanthus Breynius. Both of these species appear to be 
congeneric with Gitolampas tunetana. I have included drawings of 
a phyllode (text fig. 171), and photographs of the holotype of G. 
cuvieri (pl. 40, figs. 1, 2). Lambert and Thiéry (1921, p. 368) first 
considered Gitolampas a subgenus of Echinanthus Breynius, but later 
(1924, p. 397) separated it. They stated that it differs from Echinan- 
thus in having a lower periproct, notched at the margin, and by the 


Fics. 171-176.—171, Gitolampas cuvieri (Minster): Phyllode of ambula- 
crum II of specimen 763 in the Museum of Comparative Zoology, Harvard, from 
the Eocene, X 15. 172, Gitolampas georgiensis (Twitchell) : Phyllode of ambu- 
lacrum IV of holotype, USNM 165683b, from the Paleocene, Clayton formation 
on Parker’s farm on the Americus road, 5 miles south of Ellaville, Ga, XI. 
173, Gitolampas issyaviensis Munier-Chalmas: Phyllode of ambulacrum V of 
Cotteau’s (1888, pls. 154, 155, fig. 1) figured specimen in the Ecole National 
Supérieure des Mines, Paris, from the Eocene, at Issy, France, X10. 174, 
Gitolampas desmoulini (Delbos): Phyllode of ambulacrum IV of Cotteau’s 
(1888, pl. 162) figured specimen in the Ecole National Supérieure des Mines, 
Paris, from the Middle Eocene, at Blaye, France, X 8. 175, Gitolampas tunetana 
(Gauthier): Phyllode of ambulacrum II of Cotteau’s (1890, pl. 245, figs. 6-9; 
pl. 246, figs. 1-6) in the Lambert Collection, Sorbonne, Paris, from the Lower 
Eocene, at Mides, Tunisia, X 15. 176, Eurhodia morrisi Haime: Phyllode of 
ambulacrum III of specimen C 3632 in the collections of the University of Cali- 
fornia, from the Paleocene, Ranikot beds, at Petiani, India, X Io. 
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presence of a naked, granular zone adorally. However, many of the 
species they refer to Echinanthus also have a low periproct notched 
at the margin, and a few of them have the naked granular zone. 

Cotteau (1888, Pal. franc., Tert., pl. 154, fig. 6) shows a tetra- 
basal apical system in Gitolampas issyaviensis Munier-Chalmas. I 
have studied this figured specimen in the Cotteau Collection at the 
Ecole National Supérieure des Mines in Paris and found a monobasal 
apical system. Furthermore, in Cotteau’s figures of the floscelle of 
this species and all the other species he figured of Gitolampas, he 
shows double pores in each ambulacral plate of the phyllodes, whereas 
they are single pored (text fig. 173). Photographs of this specimen 
are included on plate 42, figures 7-9. 


DESCRIPTION OF TYPE SPECIES 


GITOLAMPAS TUNETANA (Gauthier) 
Plate 42, figures 1-6; text figure 175 


Pliolampas tunetana Gauthier, 1889. Ech. foss., Tunisie, p. 99, pl. 6, figs. 7-9. 


Material.—Holotype and two figured specimens studied. 

Shape.—Small to medium size (holotype, 30 mm. long), elongate, 
posterior extremity pointed, greatest width posterior to center, mar- 
gins rounded, adapical surface smoothly convex; adoral surface de- 
pressed around peristome. 

Apical system.—Anterior, monobasal, madreporic pores numerous, 
occurring over most of apical system, four genital pores. 

Ambulacra.—Petals long, extending almost to margin, wide, with 
tendency to close distally ; posterior petals longer than others. Inter- 
poriferous zones two to three times width of poriferous zones, with 
greatest width one-third distance from apical system to extremity of 
petal; poriferous zones narrow, with greatest width at midlength of 
petal; pores conjugate, outer pore elongated transversely, inner pore 
less elongated. 

Periproct.—Marginal to inframarginal, longitudinal, on projected 
posterior extremity. 

Peristome.—Anterior, large, subpentagonal. 

Floscelle——Bourrelets well developed, vertical walled. Phyllodes 
(text fig. 175) broadened, single pored, with two series of pores in 
each half-ambulacrum: approximately Io in each outer series ; 3 to 5 
in each inner; buccal pores present. 

Occurrence.—Upper Cretaceous (Campanian), Djebel Blidji; 
Djebel Chebika, Midés, Tunisia. Gauthier considered this species to 
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be Eocene because it was found in a marly limestone rich in the 
pincers of Callianassa. However, as discussed by Fourtau (1909), 
these beds are not Eocene, but Campanian. 

Location of type specimens.—The holotype is in the Muséum 
National d’Histoire Naturelle, Paris, and the specimens figured by 
Cotteau (1890, pl. 245, figs. 6-9; pl. 246, figs. 1-6) are in the Lam- 
bert Collection at the Sorbonne, Paris. 

Remarks.—Cotteau’s figure (1890, pl. 246, fig. 6) of the floscelle 
is in error in showing double pores in the phyllodes. 


Synonym of GITOLAMPAS 


Bothriolampas Gauthier in Fourtau, 1899. Mém. Inst. Egypt., vol. 3, p. 652. 
Type species, Pliolampas tunetana Gauthier by subsequent designation, Lam- 
bert and Thiéry (1921, p. 369). 


Remarks.—Bothriolampas is a junior objective synonym of Gito- 
lampas, as both genera have the same type species. Evidently Gauthier 
forgot that he had already erected a genus for G. tunetana. 


Synonym of GITOLAMPAS 


Echanthus Cooke, 1942. Journ. Paleont., vol. 16, p. 37. Type species by original 
designation, Echinanthus georgiensis Twitchell. 


Remarks.—Cooke erected this genus for Echinanthus Desor (1858) 
non Leske (1778). Mortensen (1948, p. 242) misunderstood the 
basis for Cooke’s action and stated that Cooke had considered the 
type species of his Echanthus generically distinct from the species 
that Mortensen thought to be the type species of Echinanthus Desor. 
Cooke states that Echanthus is probably synonymous with Echinan- 
thus Desor but erected the new genus because Desor’s Echinanthus 
was preoccupied. 

Echanthus is herein considered a synonym of Gitolampas, a genus 
many workers have considered a subgenus of Echinanthus Desor. 
The type species of the two genera are very similar and certainly 
congeneric. Both have similar shape, with the greatest width pos- 
terior to the center and a pointed posterior extremity ; broad petals, 
with tendency to close distally, periproct longitudinal, marginal or 
slightly inframarginal, transverse peristome, and similar floscelle. I 
have included a drawing of the phyllode of Gitolampas georgiensis 
(text fig. 172), and photographs (pl. 4o, figs. 3-5) of the holotype. 
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Synonym of GITOLAMPAS 


Section Gitolampopsis Checchia-Rispoli, 1921. Mem. Descr. Carta Geol. d'Italia, 
vol. 8, pt. 2, p. 18. Type species, Gitolampas lamberti Checchia-Rispoli (op. 
cit.), by subsequent designation, Kier, herein. 


Remarks.—Checchia-Rispoli proposed this section for his two 
species G. lamberti and G. zuffardu from the Senonian of Tripolitania. 
He distinguished this section from the typical Gitolampas by its 
higher test and more dorsally situated periproct. I have not seen 
any specimens of the type species, but Checchia-Rispoli’s photographs 
are excellent and permit a comparison of G. lambertt with the type 
species of Gitolampas, G. tunetana. The periproct in both species is 
situated in approximately the same position and is not more dorsal in 
G. lamberti. Gauthier’s and Cotteau’s figures of G. tunetana show 
the periproct in a more ventral position than it really is. It is true 
that the test is higher in G. lamberti, but this character is not of 
sufficient importance to warrant subgeneric distinction. 


Genus DARADASTER Tessier 


Daradaster Tessier, 1952. Bull. Dir. Mines, No. 14, p. 205. Type species by 
monotypy, Daradaster peroni Tessier. 


GENERIC DESCRIPTION 


Test medium size, elongate, low, apical system very large, mono- 
basal, with genital pores widely separated from each other; petals 
extremely broad, closed, with poriferous zones of same petal widely 
separated near apical system; interporiferous zones extremely wide; 
periproct marginal, peristome anterior, width equal to height; phyl- 
lodes single pored, greatly widened; bourrelets very strongly devel- 
oped, extending into peristome, toothlike. 

Comparison with other genera.—This Eocene genus is similar in 
shape and petal arrangement to some species of Gitolampas but differs 
in having more strongly developed bourrelets, and a much larger 
apical system. I was not able to study any specimens of this genus 
and therefore have included no description of Tessier’s (1952, p. 295, 


pl. 15, figs. 13-15) type species. 


Genus EURHODIA Haime 


Eurhodia Haime, in d’Archiac and Haime, 1853. Descr. animaux foss. Inde, 
p. 213. Type species by monotypy, Eurhodia morrisi Haime. 
Synonym: Ravenelia McCrady. 
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GENERIC DESCRIPTION 


Medium to large, elongate, low to moderately inflated; adorally 
flattened, apical system monobasal; petals equal, broad, closing dis- 
tally, ambulacral plates beyond petals single pored; periproct supra- 
marginal, transverse or longitudinal; peristome higher than wide; 
bourrelets strongly developed; phyllodes broad, single pored, with 
two series of pores in each half-ambulacrum; buccal pores present; 
tubercles perforate, considerably larger adorally than adapically, ex- 
cept for naked and often pitted adoral interambulacrum 5. 

Comparison with other genera.—This genus is not very distinctive. 
Its most distinctive feature is its elongate shape and higher than wide 
peristome. Mortensen (1948, p. 254) suggested that the genus should 
be restricted to only those species having a higher than wide peri- 
stome, and posterior petals in which the posterior poriferous zones 
are reduced. This latter feature is known only in the type species 
and does not seem of generic importance. 

Desor’s Cassidulus amygdala should be referred to Eurhodia. It 
has the elongate test, supramarginal periproct, higher than wide 
peristome so typical of Eurhodia. I studied two specimens of this 
species in the Cotteau Collection at the Ecole National Supérieure 
des Mines in Paris. 

Cooke (1961, p. 21) transfers Jeannet’s (1928, p. 32) Eurhodia 
falconensis to Cassidulus. I have seen the holotype in the Natur- 
historisches Museum, Basel, Switzerland, and agree with Cooke that 
it is not a Eurhodia. Its test is not sufficiently elongate, and its 
peristome is wider than high. 

Range and distributionPaleocene-Eocene of India, Europe, 
North Africa, Madagascar, and North America. 


DESCRIPTION OF TYPE SPECIES 


EURHODIA MORRISI Haime 
Plate 40, figures 6-9; text figure 176 


Eurhodia morrisi Haime, in d’Archiac and Haime, 1853. Descr. animaux foss. 
Inde, p. 214. 


Material_—Ten topotypic specimens were studied from the Museum 
of Paleontology, University of California, Berkeley, Calif. New 
photographs were sent from India of the type specimen. 

Shape—Medium size, low, very elongate, posterior truncate, 
greatest width anterior to center, greatest height posterior. 

Apical system.—Monobasal, anterior. 
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Ambulacra.—Petals well developed, closing distally, wide inter- 
poriferous zones almost twice width of poriferous zones, both pores 
of pore pair elongate transversely, outer pore more elongated than 
inner, pores conjugate; posterior poriferous zones of petals V and I 
much narrower than other poriferous zones. 

Periproct.—Supramarginal, large, transverse, slightly overhung, in 
slight groove. 

Peristome.—Much higher than wide, pentagonal, not depressed, 
anterior. 

Floscelle——Bourrelets strongly developed with inflated tips and 
vertical sides ; phyllodes (text fig. 176) broad, single pored, with 10 
to 12 pores in each outer series of half-area, 5 to 7 in each inner; 
buccal pores present. 

Tuberculation.—Tubercles considerably larger adorally than adap- 
ically; deeply scrobiculate with large, high boss located anteriorly in 
each scrobicule ; mamelon very small, perforated; naked median area 
in interambulacrum 5 and ambulacrum III adorally ; few small, round 
pits in both areas. 

Occurrence.—Paleocene—Ranikot Series, Petiani, India. 

Location of type specimen.—Geological Survey of India, Calcutta 
(personal communication from V. R. Khedker). 

Remarks.—This species has hitherto been credited to d’Archiac, 
1850, p. 248. It is a nomen nudum in this reference and must date 
from Haime, 1953. 


Synonym of EURHODIA 


Ravenelia McCrady, 1859. Proc. Elliott Soc. Nat. Hist. Charleston, S. C., 
vol. 1, p. 283. Type species by subsequent designation, Lambert and Thiéry, 
1921, p. 365, Pygorhynchus rugosa Ravenel, 1848. 


DESCRIPTION OF TYPE SPECIES 


EURHODIA RUGOSA (Ravenel) 
Plate 41, figures 1-5; text figure 177 


Pygorhynchus rugosus Ravenel, 1848. Echinidae, Recent and fossil, of South 
Carolina, p. 4, figs. 7, 8. 


Shape—Medium size, largest specimen 47 mm. long, very elongate, 
anterior margin rounded, posterior truncated, sides parallel, adap- 
ically low, gently inflated, adorally flattened to slightly depressed. 

Apical system.—Anterior, monobasal. 

Ambulacra.—Petals broad, with slight tendency to close distally, 
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Fics. 177-181.—177, Eurhodia rugosa (Ravenel): Phyllode of ambulacrum IV of USNM 
/2300, from the Middle Eocene, Santee limestone, Santee-Cooper Diversion Canal, near 
adytown, Berkeley County, S.C. & 15. 178, Studeria subcarinatus (Goldfuss) : Phyllode 
(ambulacrum V of specimen in the Lambert Collection, Sorbonne, Paris, from the Oligo- 
ine, Bunde, Germany, X 5. 179, Pseudopygaulus trigeri (Coquand): Phyllode of ambula- 
‘um I of Cotteau’s (1887, pl. 126, figs. 6-10) figured specimen in the Ecole National Supé- 
ure des Mines, Paris, from the Upper Eocene, Zoui (Dept. Constantine), near the frontier 
| Tunisia, X15. 180, 181, Pseudopygaulus excentricus (Duncan and Sladen): 180, Phyl- 
ide of specimen in the Exeter Museum, Exeter, England, from the Eocene, Khirthar Series 
‘western Sind, India, X 15; 181, apical system of same specimen, X I5. 
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interporiferous zones only slightly wider than poriferous, not taper- 
ing distally; poriferous zones wide, tapering distally, with greatest 
width between one-third and one-half distance from apical system 
to end of petal; pores conjugate, outer pore more elongated trans- 
versely than inner; petals I and V slightly longer than other petals. 
Adoral interambulacra.—Plates large, alternating; single plate at 
peristome. 
Periproct.—Supramarginal, transverse, groove extending from 
opening to posterior margin, adapical surface overhanging opening. 
Peristome.—Anterior, pentagonal, higher than wide. 
Floscelle—Bourrelets strongly developed (pl. 41, fig. 5), each 
bourrelet highly inflated, triangular ; phyllodes broad (text fig. 177), 
single pored, pores arranged in two series in each half-ambulacrum: 
seven to nine in each outer series, three to four in each inner. Buccal 
pores present; sphaeridia in two rows in median of each phyllode. 
Tuberculation—Tubercles on adoral surface much larger than on 
adapical; deeply scrobiculate, with large high boss located anteriorly 
in each scrobicule; mamelon very small, perforated. Deep, irregu- 
larly shaped pits in adoral interambulacra, many in naked median 
area in interambulacrum 5, a few in ambulacrum III. 
Occurrence.—Middle Eocene, Santee limestone of North and South 
Carolina. 
Location of type specimen.—Unknown. Cooke (1959, p. 64) sug- 
gests that it might be in the Charleston Museum, Charleston, S. C. 
Remarks.—I agree with Lambert and Thiéry (1921, p. 365), Mor- 
tensen (1948, p. 252), and Cooke (1959, p. 63) in considering 
Ravenclia a synonym of Eurhodia. The type species of both genera 
have the same elongate, low shape, with supramarginal transverse 
periproct, high peristome, and strikingly similar floscelle. They differ 
only in that E. morrisi is more inflated, has wider petals, and has 
smaller and fewer pits on the adoral surface. 


Genus STUDERIA Duncan 


Studeria Duncan, 1891. Journ. Linn, Soc. (Zool.), vol. 23, p. 185. Type species 
by monotypy, Catopygus elegans Laube. 

Synonyms: Hypselolampas Clark; Phaleropygus De Loriol; Tristomanthus 
Bittner. 


GENERIC DESCRIPTION 


Small to medium, elongate, smoothly rounded anterior margin, 
pointed or slightly truncated posterior, adorally depressed around 
peristome, moderately inflated; apical system anterior, monobasal, 
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three genital pores, no pores in left anterior genital plate; petals 
long, straight, extending almost to margin, open, adjacent pore pairs 
widely spaced, ambulacral plates beyond petals single pored ; periproct 
marginal, longitudinal, slight groove extending adorally; peristome 
anterior, slightly higher than wide; bourrelets very strongly developed, 
inflated; phyllodes slightly widened, single pored, with few pores; 
buccal pores present; tubercles slightly larger adorally, no naked, 
granular zone in interambulacrum 5. 

Comparison with other genera.—Studeria is very similar to Plio- 
lampas, as both genera have open petals, usually three genital pores 
with no pore in the left anterior genital plate, similar phyllodes, and 
a higher than wide peristome. Studeria differs in having a marginal 
periproct, and more developed bourrelets. Perhaps these differences 
are not of sufficient importance to warrant maintenance of Studeria. 

Remarks.—Mortensen (1948, p. 234), along with many earlier 
workers, considered Studeria recens A. Agassiz as the type species 
of Studeria. However, as Duncan mentions only one species, S. 
elegans, in his original description of this genus, S. elegans must be 
the type species by monotypy. 

I have been unable to find any specimens of the type species but 
include below a description of a very similar species, S. subcarinatus 
(Goldfuss). 

Range and distribution.—Oligocene to Recent of Europe, Egypt, 
and Australia. 


Synonyms of STUDERIA 


Hypselolampas H. L. Clark, 1917. Mem. Mus. Comp. Zool., vol. 46, No. 2, 
p. 104. Type species by original designation, Studeria recens A. Agassiz. 


Remarks.—I have not seen any specimens of the type species, but 
from a study of Agassiz’s figures I can see no characters of sufficient 
importance to warrant generic distinction for Clark’s genus. 


Phaleropygus De Loriol, 1902. Notes pour servir a l’étude des échinodermes, 
p. 15. Type species by monotypy, Phaleropygus oppenheimi De Loriol. 


Remarks.—I was unable to find any specimens of this species in 
the De Loriol Collection in Genéve, but from a study of his figures, 
this species appears to be congeneric with Studeria. Both Lambert 
and Thiéry (1921, p. 372) and Mortensen (1948, p. 372) also con- 
sidered Phaleropygus a synonym of Studeria. 
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Synonym of STUDERIA 


Tristomanthus Bittner, 1892. Sitzungsb. Kais. Akad. Wiss., Math.-Nat. Classe, 
vol. ror, Bd. 3, p. 355. Type species by subsequent designation, Lambert (1906, 
p. 41), Nucleolites subcarinatus Goldfuss. 


DESCRIPTION OF TYPE SPECIES 


STUDERIA SUBCARINATUS (Goldfuss) 
Plate 41, figures 6-9; text figure 178 


Nucleolites subcarinatus Goldfuss, 1826. Petrefacta Germaniae, p. 142, pl. 143, 
fig. 10. 


Material—Two specimens studied from the Lambert Collection, 
Sorbonne, Paris, and four specimens in the U. S. National Museum. 

Shape.—Medium size, oval, posterior slightly truncated, slight ridge 
in median suture of interambulacrum 5 on adapical side, greatest 
width at center, greatest height posterior ; peristome deeply depressed. 

Apical system.—Slightly anterior, monobasal, only three genital 
pores, no pore in genital 3. 

Ambulacra.—Petals equal length, open, interporiferous zones same 
width as poriferous zones; pores conjugate, outer pore slightly elon- 
gated transversely, conjugation grooves deep; pore pairs widely 
spaced; single pores in ambulacral plates beyond petals. 

Periproct.—Slightly supramarginal, longitudinally elongate, with 
groove extending from adoral side of opening to posterior margin. 

Peristome.—Central to slightly anterior, deeply depressed, pentag- 
onal, higher than wide. 

Floscelle—Bourrelets very strongly developed ; phyllodes widened, 
single pored (text fig. 178), slightly developed but with large pores ; 
five or six in each outer series, one to two in each inner series ; buccal 
pores present. 

Tuberculation—Adorally tubercles only slightly larger than adap- 
ically ; no naked, granular zone in interambulacrum 5. 

Occurrence.—Oligocene of Germany. 

Location of type specimen.—Not known. 

Remarks.—There is little doubt that Tristomanthus is a synonym 
of Studeria. The type species of both genera are very similar, having 
open petals with deep conjugation grooves, only three pores in the 
apical system with no pore in the left anterior genital plate, a mar- 
ginal longitudinal periproct, a peristome higher than wide, deeply 
depressed, well-developed bourrelets and similar phyllodes. 
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Genus PSEUDOPYGAULUS Coquand 


Pseudopygaulus Coquand, 1862. Mém. Soc. Emulation de la Provence de 
Constantine, vol. 2, Marseille, pl. 31 (explanation). Type species by monotypy, 
Catopygus trigeri Coquand. 

Synonyms: Eolampas Duncan and Sladen; Ofttiliaster Penecke; Petalaster 
Cotteau. 


GENERIC DESCRIPTION 


Small, elongate, inflated; apical system anterior, monobasal; am- 
bulacrum III not petaloid, other ambulacra petaloid with broad petals, 
usually closed, pores conjugate, ambulacral plates beyond petals 
single pored ; periproct inframarginal, transverse, oval or triangular ; 
peristome slightly anterior, transverse, oval; bourrelets present but 
not inflated; phyllodes single pored with slight crowding of pores, 
buccal pores present. 

Comparison with other genera—Pseudopygaulus is similar to 
Termieria in having broad petals, an oval peristome, a transverse and 
inframarginal periproct, similar tuberculation, and phyllodes with 
few pores. It differs in having no petal in ambulacrum III. 

Remarks.—There has been considerable controversy over the 
validity of this genus. Coquand did not name the genus in his 
text, but called the type species Catopygus trigeri. However, in the 
plate explanation he called it Pseudopygaulus trigeri. Duncan (1891, 
p. 200), Lambert (1g911b, pp. 181-183), and Lambert and Thiéry 
(1921, p. 360) considered Coquand’s Pseudopygaulus a nomen nudum 
and used Duncan and Sladen’s Eolampas in its place. Cotteau (1887, 
pp. 467-469, 1890, pp. 48, 49), Gauthier (1885, pp. 69-71), Pomel 
(1887, p. 118) and Fourtau (1909, p. 135) preferred Pseudo- 
pygaulus. Mortensen (1948, p. 328) was uncertain whether or not 
Coquand’s genus was a nomen nudum and stated that “the name 
Eolampas has gradually gained ground, and as no special interest 
attaches to any of them, and as Folampas is the more easy of the 
two I think it preferable.” However, Coquand’s Pseudopygaulus 
| is not a nomen nudum, for the name was published and accompanied 
- with an indication, illustrations in this case. 

Lambert and Thiéry (1921, pp. 359, 360) refer Pseudopygaulus 
to Gauthier (1885, p. 69) and state that it was founded on entirely 
different characters than Coquand’s Pseudopygaulus. They are mis- 
taken, as Peron and Gauthier’s text figures of their specimens of 
P. trigeri show a specimen very similar to Coquand’s. 

Range and distribution —Paleocene-Eocene of France, Austria, 
Madagascar, North Africa, and India. There are 9 or possibly 10 
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(if P. pusillus Penecke is included) species known in this genus. 
I have studied the type specimen of P. buccalis Peron and Gauthier, 
and P. gauthieri Cotteau, and a figured specimen of P. trigert, all 
of which are in the Lambert Collection at the Sorbonne. The type 
specimen of P. lorioli Cotteau was seen in the De Loriol Collection 
at the Muséum d’Histoire Naturelle, Genéve, Switzerland, and a 
specimen of P. maresi (Cotteau) in the Cotteau Collection at the 
Ecole National Supérieure des Mines in Paris. The type specimen 
of P. excentricus and P. antecursor (Duncan and Sladen) are in the 
collections of the Geological Survey of India at Calcutta, and were 
not seen. 


DESCRIPTION OF TYPE SPECIES 


PSEUDOPYGAULUS TRIGERI (Coquand) 
Plate 43, figures 5-8; text figure 179 


Catopygus trigeri Coquand, 1862. Mém. Soc. Emulation de la Provence de 
Constantine, vol. 2, Marseille, p. 274, pl. 31, figs. 14-16 (labeled Pseudo- 
pygaulus trigeri on plate explanation). 


Material_Four specimens studied in the Cotteau Collection in the 
Ecole National Supérieure des Mines in Paris, including a figured 
specimen (Cotteau 1887, pl. 126, figs. 5-10), and one figured specimen 
(Cotteau, op. cit. pl. 126, figs. 1-5) in the Gauthier Collection which 
is in the Lambert Collection at the Sorbonne, Paris. All the speci- 
mens are silicified, and some of them are very well preserved. 

Shape-—Small, 20 mm. long, elongate with pointed posterior 
margin, inflated adapical surface with greatest height anterior at 
apical system; adorally flattened except for depressed area around 
peristome. 

Apical system.—Anterior, monobasal. 

Ambulacra.—Anterior ambulacrum not petaloid, with two series 
of pores, each ambulacral plate single pored. Other ambulacra 
petaloid, broad, closed, petals II and IV slightly shorter than petals I 
and V; interporiferous and poriferous zones wide, tapering distally. 
Pores strongly conjugate, outer pore elongated transversely, inner 
less elongated, joined by deep groove. 

Periproct.—Inframarginal, triangular, wider than high. 

Peristome.—Anterior, oval, wider than high. 

Floscelle-—Bourrelets not inflated; phyllodes not broadened, single 
pored with slight crowding of pores (text fig. 179), one or two 
pores occluded in each half-ambulacrum. Buccal pores present. 
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Occurrence.—Upper Eocene, Zoui (Department of Constantine), 
near frontier of Tunisia. Lambert (1911b), p. 184) refers specimens 
to this species from Grangeot, near Fabrezan, and near Coustouge, 
Aube, France. 

Location of type specimen.—Unknown. 

Remarks.—Cotteau (1887, p. 473, pl. 126, fig. 4) describes and 
figures the apical system as tetrabasal. In all the specimens I studied, 
including the one figured by Cotteau, the apical system was mono- 
basal. Cotteau (op. cit., pl. 126, figs. 3-5) shows pore pairs in 
ambulacrum III adapically and pore pairs in the phyllodes. This is 
an error, for all the ambulacral plates in ambulacrum III, and in the 
ambulacral areas beyond the petals, and in the phyllodes are single 
pored. 


Synonym of PSEUDOPYGAULUS 


Eolampas Duncan and Sladen, 1882. Pal. Indica, ser. 14, vol. 1, p. 61. Type 
species by monotypy, Eolampas antecursor Duncan and Sladen. 


Material—I have not seen any specimens of the type species. The 
type specimen is at the Geological Survey of India (personal com- 
munication from V. R. Khedker). Pictures of this specimen were 
very kindly sent to me. I have studied specimens of P. excentricus 
(Duncan and Sladen), a species considered by Duncan and Sladen to 
be congeneric with their P. antecursor. These specimens are at the 
Exeter Historical Museum, Exeter, England, and in the Muséum 
National d’Histoire Naturelle, Paris. 

Remarks—When Duncan and Sladen erected their genus Eo- 
lampas, they were not aware of Pseudopygaulus, or did not consider 
it a valid genus. In 1887 they stated that Pseudopygaulus and 
Eolampas were synonymous, and all later authors have agreed. The 
only controversy has been over which name had priority. 

Both type species are very similar, having a small test, nonpetaloid 
ambulacrum III, broad petals, inframarginal and transverse periproct, 
oval peristome, slightly developed bourrelets, and single-pored phyl- 
lodes with slight crowding of the pores. They differ in that the petals 
in P. antecursor and P. excentricus have narrower poriferous zones, 
a character probably not of sufficient significance to warrant main- 
tenance of Eolampas as separate from Pseudopygaulus. I have 
included a drawing of the phyllode, and of the apical system (text 
figs. 180, 181), and photographs (pl. 43, figs. 1-4) of P. excentricus. 
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Synonym of PSEUDOPYGAULUS 


Ottiliaster Penecke, 1885. Sitzungsb. Kais. Aked. Wiss., vol. 90, p. 350. Type 
species by monotypy, Ottiliaster pusillus Penecke. 


Remarks—Lambert and Thiéry (1921, p. 359), Collignon (1930, 
p. 550), and Mortensen (1948, p. 326) considered Ottiliaster a syno- 
nym of Pseudopygaulus or Eolampas. I have not been able to locate 
any specimens of the type species, but from Penecke’s figures it 
appears to be congeneric. 

Location of type specimen.—Unknown. 


Synonym of PSEUDOPYGAULUS 


Petalaster Cotteau, 1885. Bull. Soc. Zool. France, vol. 9, p. 330. Type species 
by monotypy, Petalaster maresi Cotteau. 


Remarks.—Cotteau (1887, p. 468-469) stated that when he erected 
his genus Petalaster he did not know that Coquand had named a new 
genus for Pseudopygaulus trigeri, a species that Cotteau considered 
congeneric with his Petalaster marest. He, therefore, placed his 
Petalaster in synonymy under Pseudopygaulus. I have seen a speci- 
men of P. maresi and agree that it is certainly congeneric with P. 
trigert. They are so similar that they appear to be almost conspecific. 
Cotteau (1887, pl. 128, figs. 7, 8) shows double pores in the phyllodes 
and in ambulacrum III of P. maresit. This same error occurs in all 
his drawings of the other species of Pseudopygaulus. 

Location of type specimen.—I was unable to locate the type speci- 
men but did find one specimen of this species in the Cotteau Collec- 
tion in the Ecole National Supérieure des Mines in Paris. 


Family APATOPYGIDAE Kier 


Medium size, elongate, apical system tetrabasal in young, mono- 
basal in adult ; petals moderately developed, ambulacral plates beyond 
petals single pored; periproct supramarginal; bourrelets slightly de- 
veloped, phyllodes single pored with two rows of pores in each 
half-ambulacrum; no buccal pores; “Pyrinid” plates in ambulacra 
beyond petals. 

Genus.—A patopygus. 

Range.—Upper Tertiary to Recent. 

Remarks.—The Apatopygidae are distinguished from all the other 
cassiduloid families by their single-pored phyllodes lacking buccal 
pores, and “Pyrinid” plating in the ambulacra beyond the petals. 
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Genus APATOPYGUS Hawkins 


Apatopygus Hawkins, 1920b. Geol. Mag., vol. 57, pp. 393-401. Type species by 
original designation, Nucleolites recens M. Edwards. 


GENERIC DESCRIPTION 


Medium size, low, apical system tetrabasal in young, monobasal 
in adults, four genital pores; petals narrow, open, pores conjugate ; 
“Pyrinid” plating in ambulacra beyond petals; periproct supramar- 
ginal, in groove extending to posterior margin; peristome, low, not 
pentagonal ; bourrelets slightly developed ; phyllodes single pored, not 
widened, with two series of pores in each half-ambulacrum; no 
buccal pores ; no naked, granular zone in interambulacrum 5 adorally. 

Comparison with other genera.—Apatopygus resembles in general 
appearance Nucleolites having a supramarginal periproct and simi- 
larly shaped test, but differs in having single pores in the ambulacral 
plate beyond the petals, in having a monobasal apical system in the 
adults, and in having “Pyrinid” pkating in the ambulacra beyond the 
ambitus. Hawkins placed his genus in the Nucleolitidae, but these 
differences seem of too great significance to permit Nucleolites and 
Apatopygus to be included in the same family. Apatopygus is so 
different from any other genus of the Cassiduloida that it seems 
advisable to erect a new family for it. I was able to study a specimen 
of the type species in the Museum of Comparative Zoology, Harvard, 
and include photographs (pl. 34, figs. 4-7), and a drawing of its 
phyllodes (text fig. 182). As Mortensen (1922, p. 184), Brighton 
(1929), and Hawkins have given excellent descriptions of this species, 
no description is included herein. 


INCERTAE SEDIS 
Genus ASTROPYGAULUS Checchia-Rispoli 

Astropygaulus Checchia-Rispoli, 1945. Boll. Ufficio Geol. d’Italia, vol. 68, p. 2. 

Type species by monotypy, Astropygaulus trigonopygus Checchia-Rispoli. 

Remarks.—This genus is based on a fragment of one specimen, 
and it is not possible to know all the characters of the type species. 
The test is low, wide, with wide, closed petals and resembles very 
much Pygurus. The peristome, however, is oblique, and because of 
this, Checchia-Rispoli considered the genus most similar to Pygaulus. 
An oblique peristome also occurs in Pygorhynchus, and this species 
seems more closely related to that genus. However, not enough is 
known of this genus to permit definite assignment to any family, 
and it seems advisable to place it in incertae sedis. 
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Genus CENTROPYGUS Ebray 


Centropygus Ebray, 1858, Bull. Soc. Géol. France, ser. 2, vol. 15, p. 483. Type 
species by subsequent monotypy, Antropygus guetinicus Ebray, 1859. 


Remarks.—Because the genus and type species of Centropygus 
have never been adequately described or figured, there is considerable 
uncertainty as to the value of this genus. Ebray erected this genus 
because he considered its apical system to be distinctive, having small, 
separated oculars II and IV. The type species has never been ad- 
equately described or figured. In his original generic description, 
Ebray refers no species to the genus but gives a rather diagrammatic 
drawing of its apical system. Later, he (1859, p. 759) states in a 
footnote that the genus has for its type Anthropygus guetinicus. 
According to Lambert and Thiéry (1921, p. 337) the “Anthropygus” 
is a typographical error for Centropygus. Presumably, the apical 
system figured in his earlier paper is of Centropygus guetinicus. This 
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Fics. 182-184.—182, Apatopygus recens (Milne Edwards): Phyllode of ambula- 
crum IV of specimen 856 in the Museum of Comparative Zoology, Harvard, X 6. 
183, 184, Vologesia hungarica (Szorényi): Apical system, X15, and phyllode IV, 
x We of USNM 131284, from the Upper Cretaceous (Senonian), Sumeg, Kovesdomb, — 
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is the only figure known of this species. I was unable to find any 
specimens of this species in the Paris museums and suspect that 
there are none. From Ebray’s brief description of the genus, it 
appears to be similar to Hyboclypus except for its apical system which 
differs from Hyboclypus in having smaller oculars II and IV. This 
character alone does not seem to warrant generic distinction for 
Centropygus, but until more is known of the type species it seems 
advisable to refer this genus to incertae sedis. 

In his original description of the genus, Ebray spells it both 
“Centropygus”’ and “Centroclypus.” The first subsequent author to 
discuss these differences in spelling was Lambert (1935, p. 530), and 
as first reviser, his decision to use “Centropygus” should be followed. 


Genus CLAVIASTER d’Orbigny 


Claviaster d’Orbigny, 1856. Pal. Franc., Crétacé, ser. 1, vol. 6, p. 281. Type 
species by original designation, Archiacia cornuta Agassiz. 


Remarks.—Four species have been referred to this genus, and in 
none of the specimens of any of these species is the adoral surface 
preserved. Nothing is known therefore about the peristome, floscelle, 
if present, or peripoct. It is not possible to know the affinities of 
this genus, or whether it is even a cassiduloid. Most authors have 
considered Claviaster a close relative of Archiacia. Both genera have 
a highly inflated test and a nonpetaloid ambulacrum III. However, 
these two similarities do not seem to be sufficient evidence for con- 
sidering these genera as close relatives. The petals in Claviaster are 
very different from those of Archiacia. There is no way of predicting 
the character of the adoral surface of Claviaster, and it may have 
been entirely different from that of Archiacia. For this reason 
Claviaster is not placed with Archiacia, but in incertae sedis. 

I have included photographs of the holotype of both C. cornutus 
(pl. 23, fig. 1) and C. libycus Gauthier (pl. 23, fig. 2). Both of these 
specimens are in the Muséum National d’Histoire Naturelle, Paris. 

Pomel’s (1883, p. 55) Passalaster is probably a synonym of 
Claviaster. He based the genus on his species Claviaster costatus, 
this species in turn being based on a specimen that Cotteau had 
referred to C. cornutus. Because Cotteau had said that all the 
ambulacra were similar, whereas ambulacrum III is different from 
the others in C. cornutus, Pomel made a new species for the speci- 
men, and a new genus for the species. However, Lambert and 
Thiéry (1921, p. 359) state that Cotteau was mistaken and that 
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ambulacrum III is different from the others. They therefore con- 
sider Passalaster a synonym of Claviaster. 


Genus CLYPEANTHUS Cotteau 


Clypeanthus Cotteau, 1894. Assoc. Franc. Avance. Sci., Congr. Besancon, vol. 22, 
p. 354. Type species by monotypy, Toxaster pentagonalis Fraas. 


Remarks.—I was unable to find any specimens of the type species 
and only species known of this genus. Cotteau’s figures do not show 
many of the important characters of the test such as the apical 
system, phyllodes, or shape of peristome. Having a reduced petal 
III and an inframarginal periproct, this genus resembles Gentilia and 
may be synonymous with it, but without seeing any specimens, it 
seems best to place the genus in incertae sedis. 


Genus ECHINANTHUS Leske 


Echinanthus Leske, 1778. Klein’s Nat. disp. ech., p. 121. Type species herein 
designated, Echinanthus ovatus Leske (op. cit., p. 127, pl. 20, figs. c, d). 


Remarks.—There has been considerable controversy over the genus 
Echinanthus. Mortensen (1948, pp. 240-243) credited Echinanthus 
to Breynius (1732), and chose to ignore Leske’s (1778) use of the 
name. As Breynius is pre-Linnean, and Leske was the first post- 
Linnean author to use Echinanthus, the genus must be credited to 
Leske, and one of the four species he referred to this genus must be 
considered as its type species. Two of these species, Echinanthus 
humilis and Echinanthus altus, can be referred definitely to Clypeas- 
ter, and a third, Echinanthus orbiculatus, to Pygurus. Since Echinan- 
thus has priority over both of these genera, the selecting of one of 
these three species as the type species of Echinanthus would make 
Clypeaster or Pygurus a synonym of Echinanthus. Such action 
would create considerable confusion. The fourth species, Echinan- 
thus ovatus, has long been considered the type species of Echino- 
lampas. However, it is not clear from Leske’s figure that his speci- 
men represents the species which is now considered as Echinolampas 
ovatus. Because of this uncertainty, it seems best to restrict Echinan- 
thus ovatus to Leske’s specimen (now lost), and designate it as the 
type species of Echinanthus. By this action the genera Pygurus, 
Clypeaster, and Echinolampas remain valid. Leske’s figure of E. 
ovatus is so poor that it is not possible to know most of the generic 
characters of the species, and because of this the genus Echinanthus 
is referred to incertae sedis. 
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Most of the species that have been referred by other authors to 
Echinanthus are herein referred to Gitolampas. 


Genus JOLYCLYPUS Lambert 


Jolyclypus Lambert, 1918. Mém. Soc. Acad. Aube, ser. 3, vol. 55, p. 26. Type 
species by original designation, Galeropygus jolyi Gauthier. 

Remarks.—I was unable to find any specimens of the type species 
of this genus. Lambert created this taxa as a subgenus of Galeropy- 
gus from which it differs in having a more elongate test and higher 
ambulacral plates. However, the species is based on a few very small 
specimens which may be immature. I suspect that the age, supposed 
to be Cenomanian, of this species is incorrect, as it appears to be far 
too primitive. Until specimens of the type species can be reexamined, 
it seems preferable to place this genus in incertae sedis. 


Genus LOVENILAMPAS Maury 


Lovenilampas Maury, 1934a. Amer. Mus. Nov., No. 744, p. 3. Type species by 
original designation, Lovenia baixadoleitensis Maury. 


DESCRIPTION OF TYPE SPECIES 


LOVENILAMPAS BAIXADOLEITENSIS Maury 
Plate 43, figures 9, 10 


Lovenia baixadoleitensis Maury, 1934b, Bull. Amer. Mus. Nat. Hist., vol. 67, 

peso; pl. 15, fig. 1. 

Remarks.—I have studied the type specimen in the American Mu- 
seum of Natural History, New York. It is just a fragment of an 
external cast of the area around the mouth. Maury did not realize 
that the specimen was a cast, but considered it to be an internal mold. 
The “extraordinary coating of cushions covering the inner surface 
of the plates of the test’ Maury describes are in reality only the 
impressions made by the tubercles. It is not possible to refer this 
Cretaceous (Turonian) fragment to a genus, but the phyllodes are 
similar to those found in Pygorhynchus. 


Genus OVULECHINUS Lambert 


Ovulechinus Lambert, 1920a. Mém. Soc, Acad. Aube, vol. 84, pp. 148, 149. 
Type species by original designation, Ovulechinus pilula Lambert (op. cit., 
pp. 148, 149, pl. 1, figs. 7-9. 

Remarks.—This genus is based on one species, represented by two 
very poorly preserved and probably immature specimens. These 
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specimens were studied by this author in the Lambert Collection at 
the Sorbonne, Paris. The specimen figured by Lambert is herein 
designated the lectotype. Both specimens are badly weathered, with 
the details of their tests obscured by secondary calcite. The lectotype 
is 9 mm. long and the paratype 8.5. The test is oval, highly inflated, 
with rounded adapical surface, and slightly flattened adoral. The 
structure of the apical system is not clear, but no genital pores are 
visible. They probably were never present on these specimens, their 
absence indicating the immaturity of these individuals. Kier (1957, 
p. 849) found that no genital pores occurred in specimens less than 
14 mm. long of Echinolampas fraasi De Loriol. There is no indica- 
tion of petals, their absence again reflecting the immaturity of the 
individuals. The periproct is inframarginal and transverse, and the 
peristome is anterior, transverse, with slightly developed bourrelets. 
No details are visible of the phyllodes. 

It is not possible to know the generic characters of this species, and 
it is regrettable that Lambert erected a genus for it. I suspect that 
these specimens may be immature individuals of a species like Clypeo- 
lampas leskei (Goldfuss). 

Lambert’s drawings of the lectotype are inaccurate. According to 
his figures, the specimen appears to be well preserved and to have 
petals. I have included photographs of the lectotype (pl. 44, figs. 1-5). 
Mortensen (1948, text fig. 252) has reproduced Lambert’s figures 
in his monograph but has labeled them as natural size when in reality 
they are twice natural size. 

Durham and Melville (1957, p. 257) tentatively placed Ovulechinus 
with Oligopygus because of their general external similarity. How- 
ever, bourrelets are present in O. pilula, and a floscelle was probably 
well developed in adult individuals. Ovulechinus is a cassiduloid, 
whereas Oligopygus is a holectypoid. 

Occurrence-—Upper Cretaceous (Santonian) at Saint Paterne, 
France. 


Genus PLATIPYGUS De Loriol 


Platipygus De Loriol, 1902. Notes pour servir a l’étude des échinodermes, 
ser. 2, vol. 10, fasc. 1, p. 17. Type species by monotypy, Cyrtoma posthumum 
Ortmann. 


Remarks.—I have been unable to locate any specimens of the type 
species and only known species of this genus. From De Loriol’s 
figures this species looks very much like a Stigmatopygus. For this 
reason, Lambert and Thiéry and Mortensen considered Platipygus 
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a synonym of Stigmatopygus. However, all the other species of 
Stigmatopygus are from the Upper Cretaceous, whereas the type 
species of Platypygus is from the Miocene. As the phyllodes are not 
known in this species, it seems advisable to refer this genus to incertae 
sedis. 

Mortensen and Lambert and Thiéry are mistaken in spelling Plati- 
pygus “Platypygus” and in turn considering it to be a junior homo- 
nym of Platypygus Loew 1844. It is spelled Platipygus in De Loriol’s 
original description. 
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EXPLANATION OF PLATES 


PLATE I 


Galeropygus agaricsjormis (Wright) ....c..csceccesscaccnaccse es ce mecie. 
1, Adapical view ;22, adoral view; 3, rear view; 4, ambulacrum V. 
Jurassic (Inferior Oolite), Cheltenham, England, U.S.N.M. 19561. 
Figures 1-3, X 4; figure 4, X 3. 
AUMAGEU DUS: sCOUMTUC WWiTIR Mt s.cateini/e cis $e tea o.ouie ease ox hucais deame tones 
5, Adapical view of specimen in Lambert Collection, Sorbonne, Paris, 
from Jurassic at Cheville (Sarthe), France, x 14. 
ERVOCIYPUS “GLO DEUS: AABASSIZ «strani ourcidie vise ose olen weiss isloe wees 
6, 7, Adapical view, adoral view of specimen in Lambert Collection, 
Sorbonne, Paris, from Jurassic (Bathonian) at Amberieux (Ain), 
France, X #. 


PLATE 2 


Pygurus (Pygurus) montmollini (Agassiz)..........sscecsccsscceccces 

1, Adapical view of specimen in Ecole National Supérieure des Mines, 

Paris, from Lower Cretaceous (Neocomian), St. Sauvre, France, X #. 

Eyourus (Mepyourus) depressus AGASSIZ. o0essvccscecnccisasccaeccevscsios 

2, 3, 5, Adapical, right side, adoral view, of specimen from Jurassic 

(Callovian) of Poin, France, in Ecole National Supérieure des Mines, 
Paris, X #. 

4, Floscelle of specimen from Jurassic (Callovian) at Montbizot, 

Sarthe, France, in the Museum of Comparative Zoology, Harvard, X 14. 


PLATE 3 


Pygurus (Pygurus) lampas (De la Beche)..........scscecscceeecscecces 
1, 3, Adapical and right side of lectotype from Greensand near Lyme, 
England, in Ecole National Supérieure des Mines, Paris, X 4. 
2, Adoral view of specimen in Ecole National Supérieure des Mines, 
Paris, from Cretaceous (Cenomanian) at LeMans, France. 
Pygurus (Pygurus) blumenbachi Kock and Dunker.............--2+2000 
4, Adapical view of Cotteau’s (1860, Pal, franc., Jur., pl. 38, fig. 3; 
pl. 30; pl. 40, fig. 1) figured specimen from the Jurassic (Rauracian) 
at Thury (Yonne), France, in the Ecole National Supérieure des Mines, 
Paris. 
Pygurus CP yqurus) rostratus AGassiz. ce. oss sisis'ae vc oles vives s vareleisisisieieiesiee 
5, View of floscelle of specimen in Museum of Comparative Zoology, 
Harvard, from Lower Cretaceous (Neocomian) at Ste. Croix, Switzer- 
land, X 14. 
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PLATE 4 


Pygurus (Pyguropsts) noetlings De oriole. 155). 22% 6c !sc1 cc stereos seers 
1, 2, 4, Adapical, adoral, right side, X 14, adoral view photographed 
under water; 3, floscelle, X 3, photographed under water, of holotype 
from the Cretaceous (Cenomanian) at Keft Akad, Ouadi Sanin (Liban), 
in the De Loriol Collection in the Muséum d’Histoire Naturelle, 
Genéve, Switzerland. 
Astrolampas productus’ CAZaSSIZ). ..6.0s sac cua o's acces «continence eeiee 
5, 6, 7, Right side, adapical, adoral (under water) view of holotype, 
x #, in Museum of Comparative Zoology, Harvard, Lower Cretaceous 
(Neocomian), Mormont prés Lasarraz, Switzerland. 


Pseudopygurus letteront Lambert: «:.<s,.spcheosimaictine enone ctoc acta eee 
I, 2, 4, Adapical, right side, adoral view of lectotype from Jurassic 
(Sequanian) at Tonnerre (Yonne), France, in the Lambert Collection, 
Sorbonne, Paris, x #. 
3, Enlarged view of ambulacrum III of same specimen, X 3. 
Glypeus agassizt: CWriglit)igcic vic ojo ovate srcrelaiciele)  cleialats/elnln aielefetelale =i aie tee 
5, Adapical view, photographed under water, of specimen in Museum 
of Comparative Zoology, Harvard, from Jurassic, Upper Inferior 
Oolite, Broad Windsor, Dorset, England, X #. 


PLATE 6 


Nucleohites ‘scutatus Wamarckoisict acca slcieieisinicisicieisierele) a nieleleveleistotete ett eee 
1, 2, 3, Adapical, right side, adoral view of specimen U.S.N.M. 19546a 
from the Upper Jurassic (Oxfordian) at Villers, France, photographed 
under water, X 14. 
Nuclealites hugi CASassiz) icine cise es so isles ws sie clatehararels oiaielsis misters ieee 
4, Adapical view of specimen in Muséum National d’Histoire 
Naturelle, Paris, X 4. 
Nucleolites gracilis" Agassizin sos. 8 es ewe vis ne clove ems orale aie) estes ieee 
5, 6, Adapical and adoral view, photographed under glycerine, of 
holotype in Museum of Comparative Zoology, Harvard, No. 988, from 
Upper Jurassic (Upper Ocfordian) at Raedersdorf, Switzerland, X 13. 
Nucleolties elongatus Agassiz... \..c)o ccs cas oa a'eisicin aiels cisjere «eles tints attire 
7, Adapical view of specimen in Ecole National Supérieure des Mines, 
Paris, from Ranville (Calvados), France, X 23. 
Nucleolties amplus* Agassizs. (220 isc st clos nics = aloisla niu ale eke iets oa eral teen 
8, Adapical view of specimen No. Mrs21/1 in the Naturhistorisches 
Museum, Basel, Switzerland, from the Middle Jurassic (Bathonian), 
Discoideen-Schichten, Aargauer Jura, Herznach, Switzerland, X 1. 
Nucleolites: subquadratus) Agassiz.J. 0. sdhe os cidacts Jes ee ode teehee 
9, Adapical view of specimen in Museum of Comparative Zoology, 
Harvard (No. 965) from the Lower Cretaceous (Neocomian) at 
Mieger et Billecul (Jura), Switzerland, X 14. 


53 


54 


34 


59 


57 


63 


63 


63 


63 


NO. 3 CASSIDULOID ECHINOIDS—KIER 243 


PLP PUSESIMLTEUS EOS ORs ic einer oie csc 0: (0: ors nocahe o'e'e a trate, a wlesntore eterere as hehe’ archate ete 33 
1, 2, Adoral and left side of U.S.N.M. 131253 from the Middle 
Jurassic (Bathonian), Great Oolite, at Kirtlington, Oxford, England, 
>< 4. Adapical view of same specimen on plate 8, figure 4. 
Bitheueminliien vat. PEntagona Currie... soc. cise. ais nix walels tne cre eldemacie ss 37 
3, 4, 5, Adapical, adoral, left side of Currie’s (1925, pl. 10, fig. 2) 
figured specimen in the Hunterian Museum (No. 748a), Glasgow, from 
Jurassic, Bihendula, British Somaliland, x #. 
MMAR a HEL EEE, ACCS Cerca cca. ly aha, dist 9. Bie pale © Gici4lS ate) Sinleiere lle oie wine a icl eete etetal eas 31 
6, Adapical view of U.S.N.M. 106283 from the Middle Jurassic 
(Bajocian), Clypeus grit, Inierior Oolite, Little Rissington, near 
Cheltenham, England, X 2. 
Nucleolites rotundus (Peron and Gauthier) ...............cccccccccesees 57 
7, Adapical view of specimen in Lambert Collection, Sorbonne, Paris, 
from the Cretaceous (Cenomanian) at Bou Saada, Algeria, X 14. 


ees AGaSSISt (CNV THEE) ,- om « oraleyaein sale 2 sakes elReie clelsleleleidic's clue obsleielerals Pale 34 
1, Adoral view of same specimen on plate 5, figure 5, from Museum 
of Comparative Zoology, Harvard, from the Jurassic, Upper Inferior 
Oolite, Broad Windsor, Dorset, England, X $. 
Givoeus wylter Carries... 6c. c sos es seta ce cannes quan se mse memes sieriae 5 37 
2, 3, Adapical and rear view of holotype in Hunterian Museum, 
Glasgow, from the Jurassic at Bihendula, British Somaliland, X $. 
Clypeus sinuatus Leske..........ccsecnccecscccccscrecccccteecoesnccess 33 
4, Adapical view of same specimen on plate 7, figures 1, 2, U.S.N.M. 
131253, from the Middle Jurassic (Bathonian), Great Oolite, at Kirt- 
lington, Oxford, England, X 4. 


Bothryopneustes lamberti Fourtau.........cececeecceeecceceeeeeneeveees 39 
1, 2, 3, Adapical, adoral, right side of holotype in Geological Museum, 
Cairo, Egypt, from Upper Jurassic (Callovian) at Gebel Oum Chabba, 
Egypt, X 14. 
4, Floscelle of paratype U.S.N.M. 131262 from same locality as 
holotype, X 3. 
Bothryopneustes lorioli (Fourtat) 0.2.0... eee cee eee s cece eee ensneeecece 40 
5, 6, Adapical and left side of holotype in the Geological Museum, 
Cairo, Egypt, from the Upper Jurassic (Callovian) at Gebel Oum 
Chabba, Egypt, x #. 
Bothryopneustes somaliensis (Currie) ........eceeee cece ence cere eeececens 39 
7, 8, 9, 10, Right side, adapical, adoral, floscelle of Currie’s (1925, 
pl. 10, fig. 7) figured paratype E753 in the Hunterian Museum, Glasgow, 
from the Jurassic at Bihendula, British Somaliland, figures 7, 8, 9, 


S21 figure 10, >< 2. 
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Bothryopneustes orientalis Fourtau........020ceceecccs estes casmeeesee 41 
11, 12, Adapical, adoral view of U.S.N.M. 131268 from the Jurassic, 
Lower Dhruma formation, Saudi Arabia. 
Pseudosorella orbignyana: (Cotteaw) « «5 sie sisis sleicisia dais olehiciel thet pee 67 
13, Left view of specimen in Muséum National d’ Histoire Naturelle, 
Paris, from Corallian at Valfin (Jura), France, X 14. Other views of 
same specimen on plate Io, figures I, 2. 


PLATE IO 


Pseudosorella, arbignyana (Cotteatt) as «.eaiscad ida vine seein Speen eee 67 
1, 2, Adapical, adoral view of specimen in Muséum National 
d'Histoire Naturelle, Paris, from the Corallian at Valfin (Jura), 
France, X 1%. Side view of same specimen on plate 9, figure 13. 
Pseudosorella syriaca (De Loriol)...........+0.: *. wstes apni tose 68 
3, 4, Adapical, adoral view of lectotype in Muséum d’Histoire 
Naturelle, Genéve, Switzerland, from the Jurassic at Mar-Abda at the 
bottom of the Ghazir Valley, Syria, x #4. 
Catopygus cartnatus .(Goldfuss)).. oi anteaters oc ccos ces wn scien eee eee 72 
5, 8, Adapical, adoral view, X 14; 6, right side, X 1; 7, floscelle, 3, 
of U.S.N.M. 131279 from the Cretaceous (Cenomanian) at Le Mans 
(Sarthe), France. 


PLATE II 


Catopygus barges (@Orbiany) sino oc. vccces ve cee ae seu ee pee ene 73 
1, 2, 3, Adapical, right side, adoral view of specimen in Lambert 
Collection, Sorbonne, Paris, from the Cretaceous (Cenomanian) at 
La Badoule, France, X #. 
Phyllobrissus gresslyt (Agassiz): .\.c ces ssi s.0's 0 os gins aie pod elaine tele ee 77 
4, 5, Adapical and adoral view Be U.S.N.M. 131275 from the Lower 
Cretaceous (Neocomian) at Auxerre (Yonne), France, X 14. 
Phyllobrissus’ cerceleta: (CDeSOL) tock s.60.0/s,e1ew «e/a iutele erate orereiorenare nie stone areata 97 
6, 7, Adapical and adoral view of Lambert’s (1892, pl. 4, fig. 18) 
figured specimen in the Muséum National d’Histoire Naturelle, Paris, 
from the Lower Cretaceous (Aptian) at Grandpré (Ardennes), X If. 


Pygaulus couzensis Demoly. and Lambert. sis 'jx sified se sales ctl aeaieeie es 80 


8, 9, Adapical and adoral view of holotype in Lambert Collection, 
Sorbonne, Paris, from the Lower Cretaceous (Neocomian), at St. Jean 
de Couz, Savoie, France. 


Pygaulus desmoulinsts A@assizii od. .cc bees cus vccecle cle'ct ee elle cuelseln team 80 


10, 11, 12, Adapical, right side, adoral view of U.S.N.M. 19554 from 
the Lower Cretaceous (Barremian) at Lusan (Gard), France, X 13, 
photographed under glycerine. 


PLATE 12 


Pygorhynchus obovatus CAZaSsiz) ...<.c.s scnc oe saisies scics cisin ts ste nein 84 
1, 2, Adapical and adoral view of lectotype in Museum of Comparative 
Zoology, Harvard, No. 772, from the Lower Cretaceous (Neocomian) 
at Mormout near Lasarrez, Switzerland, X é. 
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Page 
3, 4, Adapical and adoral view of paratype from same locality, X ¢. 
5, Adapical view of specimen in Lambert Collection, Sorbonne, Paris, 
from the Lower Cretaceous (Neocomian) at Venoy, X #. 
Parapvotrs toucasanus (d’OrDiEny)) 6604.65 5a obdlnces www at gata steko meee 100 
6, Adapical view of specimen in Ecole National Supérieure des Mines, 
Paris, from the Upper Cretaceous (Turonian), at Beausset (Var), 
France, X #. 
PRGGEAURCHUS SNCF GASASSIZ) << vis ee scx cans ves anes eWe chide Oaweea paneer 83 
7, 8, Adapical views of two specimens in Ecole National Supérieure 
des Mines, Paris, from the Lower Cretaceous (Neocomian) at Maralles, 
France, It. 
Puoornunchus: cylindricus CDESOY) sissies seas cares ova e oe Oeeiedeuentace 83 
9, 10, Adapical views of two specimens in the Ecole National 
Superiéure des Mines, Paris, from the Lower Cretaceous (Aptian) 
from Le Bimet, France, X 1}. 


PEATE STs 


Pagastes cogtiands (Cotteat).. a sdidisie 05d ties SU al OREM we Oa eeelhe si 86 

1, 3, Adapical and adoral view of specimen in the Muséum National 
d’Histoire Naturelle, Paris, from the Cretaceous (Cenomanian) of 
Tunisia, < 14. 

2, Floscelle of same specimen, X 5. 

4, 5, 6, Adapical, right side, adoral view of the lectotype of Pygopistes 
excentricus (Gauthier), herein considered a synonym of P. coquandi, 
from the Cretaceous (Cenomanian) at El-Aieicha, Tunisia, in the 
Muséum National d’Histoire Naturelle, Paris, X 14. 

Eishopyquras Gaudrye Gauthierisitescclc.c tects 'aln © os'cve delete cue orcle aie ste chorea st 88 

7, 8, Adapical and adoral view of specimen in Lambert Collection 
(No. 1170), Sorbonne, Paris, from the Cretaceous (Cenomanian) at 
Djebel Cehela, Tunisia, x #. 

Cimpeneigus pasliver (COMA) «ceeds «nyivaennnig auiee pees alta snip a sacs ome ay 

9, Adapical view of specimen in Lambert Collection, Sorbonne, Paris, 
from the Lower Cretaceous (Neocomian), at Maralles, France, * #4. 


PLATE 14 


Pierson Oper si, CAGASSIS) 5 «occ <.00 aie. 5s niaj9 mga go pcan hors aya dye 9 Rsia aie alex 90 
1, Adapical view of specimen in the Ecole National Supérieure des 
Mines, Paris, from the Lower Cretaceous (Neocomian), exact locality 
not known, X I4. 
2, 3, Right side and adoral view of specimen in Museum of Com- 
parative Zoology, Harvard, from the Lower Cretaceous (Neocomian) 
at Censeau, Billecul et Mieger (Jura). 
Pardue conecaunus (OC OPrDigny ) « svicc ons oan ocew eee ae picile + 6 <igiss ms mie IOI 
4, 5, Adapical and adoral view of specimen in Lambert Collection, 
Sorbonne, Paris, from the Upper Cretaceous (Truonian) at Les 
Martigues, France, X #4. 
6, Floscelle of same specimen, X 3. 
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Parapygus cassiduloides, Gauthier. cine ses seeite tk cine «aie ee ee 
7, 8, 9, Adapical, left side, adoral view of lectotype in Muséum 
National d’Histoire Naturelle, Paris, from the Upper Cretaceous 
(Senonian) at Djebel Aidoudi, Tunisia, x 14. 
10, Floscelle of another specimen from same locality, X 33. 


PLATE 15 


Porapygus coquands (Cotteat)\. ojx8 «cis soe Ween 2s eee «sore el ie eee eee 
1, 2, Adapical and adoral view of specimen in Ecole National 
Supérieure des Mines, Paris, from the Upper Cretaceous (Senonian) 
at Djelfa, Algeria, x 14. 
Parapygus longior. (Cotteau and. Gauthier)). 2 .: 4.0.00 +» av osiete aes eel 
3, Floscelle of specimen in Lambert Collection, Sorbonne, Paris, 
from the Upper Cretaceous (Senonian) at Aftab, Persia, x 5. 
4, Adapical view of same specimen, X ¢. 
Arnaudaster, gouthtert Lambert. as, «2/619 e068 6is\20. sn + 00) «/elnje sie cuenta 
5, 6, Adapical, adoral view of holotype in the Lambert Collection, 
Sorbonne, Paris, from the Cretaceous (Cenomanian), Mantelliceras 
mantelli (Sowerby) zone, near Fumel, Aquitaine, France, X< 13. 
7, Right side of same specimen, X #. 
Parapygus. nanclast (Coquand)) ie csc ccceins cle aes sicie eos ons <gela tect eee 
8, 9, Adapical, adoral view of specimen in Ecole National Supérieure 
des Mines, Paris, from the Upper Cretaceous (Senonian) at Epagnac 
(Charante), France, X #. 
Peialobrissus trigonopygus (Cotteat) 0 cities. oes ocs «> oles siete e «= eles wrsiele 
10, Adapical view of specimen in Muséum National d’Histoire 
Naturelle, Paris, from the Upper Cretaceous (Santonian) at Ain 
Aourou, Algeria, X 14. 


PLATE 16 


Petalobrissus djelfensts (Gatathier) -. ic /e:0-v«/% 'sieiesetianye'e sce cyeysieihee eee 
1, 2, Adapical and adoral view of holotype in the Lambert Collection, 
Sorbonne, Paris, from the Upper Cretaceous (Santonian) at Djelfa, 
Algeria, X 14. 
3, Floscelle of same specimen, X 3. 
Petalobrissus: lefebures \(Fourtata) oot. 2 ses cccice weve ie oc cceielae emiee eee 
4, 5, 6, Adapical, adoral, right side of holotype (No. 25408) in Geo- 
logical Museum, Cairo, Egypt, from the Upper Cretaceous (Turonian) 
at Abu Roash, Egypt. x #. 
Petalobrissus ammonis (CFourtat) sone die ied ss ciciele cise 60's «xin nae oe ete ee 
7, 8, 9, Adapical, adoral, and right side of holotype (No. 25410) in 
the Geological Museum, Cairo, Egypt, from the Upper Cretaceous 
(Turonian) at head of Wadi Tarfa, Egypt, x 14. 
Petalobrissus  setifensis \(Cotteaa) . 208 U8 e522. ete ein ee 
10, 11, 12, Adapical, adoral, left side of specimen in Muséum National 
d’Histoire Naturelle, Paris, from the Upper Cretaceous (Maestrich- 
tian) at Kef el Matrek, Dept. of Constantine, Algeria, X 14. 
13, Floscelle of same specimen, X 3. 
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PLATE 17 


Peimanriccsusmelmers. (lambert) 5, iso. /er0.0.0 «0 s.ci0 dar e.cdeiei saw ede nide saci ees 122 
I, 3, Adapical, adoral view of holotype in Lambert Collection, Sor- 
bonne, Paris, from the Cretaceous (Cenomanian) at Msouma, 24 km. 
east of J’Adouz, Algeria, < 4. 
2, Floscelle of same specimen, X 23. 
Petmabrissus cuvensis: (Weisbord) occ os oid sc vciei'es occ cenawhsevicene Genes 122 
4, 5, 6, Adapical, right side, adoral view of U.S.N.M. 131265 from 
the Upper Cretaceous (Senonian) at Rio Seco, Medina County, Tex., 
x 1. 
Byurvpeicltum faujgass (Desmoulins) ... 660.06 ccencs cbc cece es seeenve ches 140 
7, Adapical view of specimen in d’Orbigny Collection, Muséum Na- 
tional d'Histoire Naturelle, Paris, from the Upper Cretaceous (Se- 
nonian), no locality, < 14. 
8, Right side of specimen in the Museum of Comparative Zoology, 
Harvard (No. 794), no locality, * 14. 
arene, GEECOUST (ESOL), uaystas cc Wcities aescle' deine sac cleieitine oro omen 139 
9, Copy of photograph sent by M. Meijer of specimen in his collection 
from the Upper Cretaceous (Maestrichtian), Albert Canal, Vroenhoven, 
Belgium. 
10, 11, Right side and adoral view of U.S.N.M. 131272 from same 
locality, X 14. 


Domechinus cheloniim (Cooke) sc. 2sc.6.sis5 aise «.s.srwd 5 dlsisenetercalale dle fee eae 142 
I, 2, 3, 4, Adapical, rear, left side, adoral view of holotype, U.S.N.M. 
108377, from the Upper Cretaceous (Maestrichtian) at Indio Ranch, 
one-half mile from Rio Grande, Maverick County, Tex., * 14. 
5, Floscelle of same specimen, X 2}. 
PRESET PTUSCUS AATRD EEE is a bie dod bccn 368 wie tra ale ee crartielois Oe ase eateldele eases 143 
6, 7, 8, Adapical, right side, adoral view of holotype in Lambert 
Collection, Sorbonne, Paris, from the Upper Cretaceous (Maestrich- 
tian) at Orrit, Catalonia, Spain. 
Perera gagori (De Loriol itso avisteisiaisalsis se o's s ad's se caveat eoetlasie eee 136 
9, 10, Adapical, right side of lectotype in Servicos Geologicos de 
Portugal, Lisbon, from the Upper Cretaceous (Senonian), at Azinhaga 
de Pinhal de Laura (Mira), Portugal, < 14. 
II, 12, Rear, adoral view of paratype from same locality, « 14. 


PLATE 19 


Pygurostoma morgan: Cotteau and Gauthier... i.....:.0cscscecceseaeseees 135 
1, 2, Adapical and adoral view of specimen in Lambert Collection, 
Sorbonne, Paris, from the Upper Cretaceous (Senonian) at Aftab 
(Louristan), Persia, X 4. 
3, Floscelle of same specimen, X 14. 
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Gongrochanus herschelionus (M Clelland). .0..02).00<<006- 220s ee ceepee 

4, 5, 6, Adapical, right side, rear view of lectotype (No. E 42324) 

in the British Museum (Natural History) from the Upper Cretaceous 

(Senonian) of southern India, X $. Photographs taken by photographer 

at British Museum (Natural History). View of floscelle on plate 20, 
figure I. 


PLATE 20 


Gongrochanus herschelianus (M’ Clelland)... . «:<..cjcjee2 000 oss ass «siete 
1, Floscelle of paratype No. E 42326 in the British Museum (Natural 
History) from the Upper Cretaceous (Senonian) of southern India. 
Pygidiolampas eurymata Clank « spijs.a:ncinsim opts 016 '00h 215 co ops eines, fennel en ee 
2, 3, 4, Adapical, adoral, right side of holotype, No. 3540, in the 
Museum of Comparative Zoology, Harvard, probably from the Upper 
Cretaceous (Campanian), Peedee formation, South Carolina; photo- 
graphed under glycerine, X #. 
Stigmatopyqus lamberts Besairie:, ..< jis atm nays clei ssi oh 0 «alee pian 
5, 6, 7, 8, Adapical, adoral, right side, rear view of specimen in 
collection of General Collignon from the Upper Cretaceous (Cam- 
panian) at Gres Andrakaraka, Madagascar, X 4. 


PLATE 21 


Hardoutnia mortonts (Michelin) . 2. iy emp cise s 6 os 0 oe eo ve w ole oleielseieee 

1, Adapical view of U.S.N.M. 20264a from the Upper Cretaceous 
(Lower Maestrichtian) at Tippah County, Miss., x 4. 

2, 3, Left side, adoral view of U.S.N.M. 131258 from the Upper 
Cretaceous (lower Maestrichtian) at Alexanders Landing on Chatta- 
hoochee River from bluffs on west bank, 1.7 miles SE. of Eufaula, 
Ala, x #. 

4, Floscelle of specimen U.S.N.M. 20264b from same locality as 
specimen in figure I, X 23. 

Hardouimaporrectus, (Clark) ssrass0.\s sicinis oiaiwies « ciavejelaln, 970 miaippelepayere lnjatelkteieens 

5, Floscelle of U.S.N.M. 21890 from same locality as figure 2,  $. 

Hardouima hemispherica (Slocum) ...........scseeceessnescccesecsccans 

6, 7, 8, Adapical, adoral, rear view of holotype, U.S.N.M. 31199, of 
Cassidulus conoideus Clark from the Upper Cretaceous (Maestrichtian), 
Providence sand, at the Narrows, Pataula Creek, 2 miles above its 
mouth, Clay County, Ga., X 4. 

9, 10, Right side, adapical view of holotype P. 10347 in Chicago 
Museum of Natural History, from white gullies on Patterson farm, 
3 miles south of Pontotoc, Miss., X 4. 


PLATE 22 


Hemicara pomeranum Schlitter.............ccccceccceccccecesscreascees 
I, 2, 3, Adapical, left side, adoral view of specimen figured by Kongiel 
(1935, pl. 2, fig. 7) from Bochotnica, opoka, < 13. Photographs from 

Dr. Kongiel. 
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PREACH SONGGNIGE AGASSIZ. « ose ovccecin alas 10's a Wed alsta diac ulemesee abla wiamios 
4, 5, 6, Adapical, right side, adoral view of specimen in Muséum 
National d'Histoire Naturelle, Paris, from the Cretaceous (Ceno- 
manian) at Port des Barques (Charente Inferieure), France, X 14. 
Mrcutacuewpalmmata Gaither: cd0 os weih's, cists: avd S)ota.s solo aha sisteletereiei olele wists cietatessts 
7, 8, Adapical, right side of holotype in Muséum National d’His- 
toire Naturelle, Paris, from the Cretaceous (Cenomanian) at Djebel 
Taferma, Tunisia, < 14. 
9, Floscelle of same specimen, X 5. 


PLATE 23 


MOUEPRISTEVS COTIUTES (ON SASSIZ 0, ose cg s oe. sraipisin s.e:a'eiase stm class's. oe eic arc'3/ eae mini 
1, Side view of holotype in Muséum National d’Histoire Naturelle, 
Paris, from the Cretaceous of Sinai, Egypt. X I4. 
PE ESEES, TEN VCUS. GaNiE ET seis cia ertaiaie ohn «ae a -acem baa ine S7s\c athe ale ojsin widoiel gies 
2, Side view of holotype in Muséum National d’Histoire Naturelle, 
Paris, from the Cretaceous (Cenomanian) at Foum el Guelta, Tunisia, 
2h. 
EMU TE TICLICNSTS. © VGATHDEEC. «ae ccarc'c sd eie'sic's «'s)e ois'v,e @ nie ma: siniem eigiowicialaymuays 
3, 4, Adapical, adoral view of specimen in Lambert Collection, 
Sorbonne, Paris, probably from the Cretaceous (Cenomanian), at Riz 
el Abiod, X #. 
Geanhia syrtensis Kier, NEW SPECIES... 002 cece sceinccecccccossnonsceqae as 
5, 6, Adapical, adoral view of holotype in Muséum National d’His- 
toire Naturelle, Paris, from the Cretaceous (Cenomanian) of Syrie, 
« 
7, 8, 9, 10, Adapical, adoral, rear, right side of specimen from same 
locality as holotype, x 14. 
11, Floscelle of same specimen, X 5. 


PLATE 24 


Rhynchopygus marmini (Agassiz) ........cececcscccocccceccccctncsecees 
1, 2, 4, Adapical, right side, adoral view of specimen in the Lambert 
Collection, Sorbonne, Paris, from the Upper Cretaceous (Maestrich- 
tian) at Fresville, France, X 13. 
3, Floscelle of same specimen, X 5. 
Rhynchopygus laptscancrt (Leske).......0.crccescccveccescssccnsssccsecs 
5, 7, 8, Adapical, adoral, right side of U.S.N.M. 131260 from the 
Upper Cretaceous (Maestrichtian) at Beeringen (Charb.), Belgium, 
ess 
6, Floscelle of same specimen, X 3. 
Nucleopygus similis (d’Orbigny) ......cccccsccccccccnccscccescasccccces 
9, Adapical view of specimen in Ecole National Supérieure des Mines, 
Paris, from the Cretaceous (Cenomanian) in the Gres Vert, at Le Mans, 
France, X 24. 
Nucleopygus minor DesOr.........ecceccecescccsrccecceccccescesesccess 
10, 11, Adapical, adoral view of specimen in the Lambert Collection, 
Sorbonne, Paris, from the Upper Cretaceous (Senonian) at Meschers, 
France, X 2}. 
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Nucleopygus. angustatus (Clark) os occ/c a sca se c.oc aleicilcieie so clelerclseeeenaane 
12, Adapical view, photographed under glycerine, of holotype, 
U.S.N.M. 103701, from the Cretaceous (Cenomanian), Buda limestone, 
Shoal Creek, Austin, Tex., x 23. 
13, From specimen UT31932 in the collections of the University of 
Texas, from same locality as holotype, x 23. 


PLATE 25 


Nucleopygus scrobiculaius (Goldtuss) 7... 60) csec eens) ae oe ee ate 

1, 2, 3, 4, Adapical, rear, right side, adoral view of U.S.N.M. 131278 

from the Upper Cretaceous (Maestrichtian) from the top of quarry 
Kalkmergelmaatschappij, St. Pietersberg, Belgium, X 4. 

Ochetes .morrests” CForbes) 3: << citisleseisie xine cee. sieveteecis cotue elelaeian eae arene 

5, Adapical view of specimen E 34669 in the British Museum 
(Natural History), from the Lower Cretaceous (Upper Albian) from 
Blackdown (Devon), England, X 3. 

6, Left side of same specimen, X 14. 

7, Adoral view of specimen E 32386 in the British Museum (Natural 
History) from the Lower Cretaceous (Upper Albian), Upper Green- 
sand, from Warminster (Wiltshire), England, X 4. 

Hypsopygaster aingosensis Bajarunas. 5 ..0s...e.2~ oases sone eee 

8, 9, 10, Adapical, rear, left side of specimen in Geologic Museum of 
RAN, Russia, from the Danian, at Ungozya, Mangyshlak, Russia, x 3. 


PLATE 26 


Hypsopygaster ungosensis Bajartinas. «..cis«% si +s «0. « «cisieeqeiae eee 
1, Adoral view of specimen in Geologic Museum of RAN, Russia, 
from the Danian, at Ungozya, Mangyshlak, Russia, X 3. 
2, Floscelle of same specimen, > IO. 
Casstdulus cartbocarwm VWaamarclee.: oeicccs cs ojc.0s sie e oon a ects ete 
3, 4, 5, Right side, adapical, adoral view of specimen 4753 in the 
Museum of Comparative Zoolgy, Harvard, from Antigua, Long Island, 
West Indies (living), 14. 
6, Portion of petal showing slightly conjugate pores from U.S.N.M. 
634001a from Antigua, West Indies (living), X Io. 
7, Floscelle of same specimen in figure 5, X 3. 


PLATE 27 


Ausiralanihus longianus (Gregory) o.25.0...+.08 sons ost ack Cee eee 
I, 2, 3, 4, Adapical, rear, right side, adoral view of U.S.N.M. 96252 
from the Upper Eocene, Janjukian (Kalimnan), Aldinga, South 
Australia, & 4. 
Rhyncholampas pactficus (A. Agassiz)... < +002 <0c0ss cscs see val ce eee 
5, 6, 7, Adapical, right side, adoral view of U.S.N.M. 3561 from 
Acapulco, Mexico (living), x 4. 
8, Floscelle, 3. 
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| PLATE 28 


Recnompas pactficus CA. Agassiz) « e.c.0isecc.0.0.ce'e wl slase siaslete eesctele alvielele 
1, Enlarged view of ambulacrum II of U.S.N.M. 6988 from Cape 
St. Lucas, Xantus (living), X 3. 
2, Enlarged view of ambulacrum II of U.S.N.M. 32907 from Pesca- 
dero Point, Lower California (living), x 3. 
3, Enlarged view of ambulacrum II of U.S.N.M. 3561 from Acapulco, 
Mexico (living), X 3. 
lRhyncholampas grignonensis (DeFrance) ......ccccececcccecccccscccsece 
| 4, 5, 6, Adapical, rear, right side of Cotteau’s (1887, pls. 143, 144, 
figs. 1-3) figured specimen in the Ecole National Supérieure des Mines, 
| Paris, from the Middle Eocene, at Grignon, France, X #. 
7, Adoral view of same specimen, X It. 
8, Floscelle of U.S.N.M. 633907 from the Middle Eocene, at Cahaignes 
(Eure), France, X 3. 


| 


PLATE 29 


|\Rhyncholampas ellipticus (Arnold and Clark)............cceceeeeeeeees 
I, 2, 3, Right side, adapical, adoral view of holotype, No. 3284, in the 
Museum of Comparative Zoology, Harvard, from the Eocene, western 
side of hills east of Montpelier, St. James Parish, Jamaica, X #. 
Lcumenolampas mexicans CILEW) <.ccc sews cccctecetecctiendececaseee see 
4, Adapical view of holotype (11357) in University of California, 
from the Pliocene (?) at San Ysidro, Lower California, X 4. 
| Gemomianrs eqractiig Lamberts): :< «010s <n cicisisiecsic o16 <ieia vieiais\e eie/sieisisieieisieiniele/ate 
5, 6, Adapical, adoral view of Lambert’s (1909, pl. 1, figs. 17-18) 
figured specimen in the Lambert Collection, Sorbonne, Paris, from the 
Upper Cretaceous (Maestrichtian), Fresville (Manche), France, X 14. 
| Oolopygus Apeiormis CLESke)< cacs.cmicvie «aaiscie wie ciety oeeineindesemiaoea nas 
7, 8, Right side, adapical view of Lambert’s figured specimen in the 
Lambert Collection, Sorbonne, Paris, from the Upper Cretaceous 
(Maestrichtian) at Fresville (Manche), France, x 14. 
9, Floscelle of same specimen, X 3. 


Belsnohontas ovusformis (Gmieliti)'csc...vcs cece ceases scacees condvelee ees 
1, 2, 3, Adapical, adoral, left side of specimen 7249 in the Museum of 
Comparative Zoology, Harvard, from Pearl Shoal, Indian Ocean 
(living), X #4. 

4, Floscelle of same specimen, X 23. 

| FmaeAS inch *CLICSOL) Senses cy wicsile sos ood meneame See a repeinepminainn 
5, Right side of specimen 423 in the Museum of Comparative Zoology, 
Harvard, from the Miocene of Corsica, X #. More views of this speci- 
men on plate 31, figure I, and plate 32, figure 1. 
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PLATE 31 
Page 
Echinolampas lucae CDESOL) 6. ..6 6 aie nnn wine wininiaicle « cleiele aielalelelalelal» idtafeantanme IIl 
1, Adapical view of same specimen as in plate 30, figure 5, X 4. 
Echinolampas depressa Gray... .....cscecccccccccncvescscsncuasscasas cuir 112 


2, Adapical view of specimen 8021 in the Museum of Comparative 
Zoology, Harvard, from Key Largo (living), Florida, X 14. 
Echinolampas crassa (Bell). os ciccc.c'scle siete its Slaie sles sletsimie ole ele s\n) atele Stata ias ate 113 
3, Adapical view of specimen 2727 in the Museum of Comparative 
Zoology, Harvard, from Cape Colony off Kromhont, South Africa, X ¢. 
4, Floscelle of same specimen, X 23. 


PLATE 32 
Echinolampas : liicae '(DESOr Wiis della PRE Rs. Leis aie «viele steselnia ate, eel el pie eretetate tate Ill 
1, Adoral view of same specimen as in plate 30, figure 5, X $. 
Echinolampas lehons \(Cotteatt)  sereicl alive is « ais 00,0 010 0/010 5 «0 eisialnsiaial eens II5 


2, 3, 4, Adapical, adoral, left side view of holotype in Musée Royal 
d’Histoire Naturelle de Belgique, Brussels, from the Eocene at Sain- 
Gilles, Belgium, < 14. Photograph taken by photographer at University 
of Liége. 

Echinolampas posterocrassus Gregory.......eccccesccccnccccccessesseves 113 

5, 6, 7, Adapical, right side, adoral view of U.S.N.M. 634000 from the 
Miocene (Aldingian Series) at Aldinga, South Australia, X ¢. 


PLATE 33 


Echinolampas raulins. Cotteaws . <:. si0ia'eaidielniaioe ell AR cans, oo ee A 108 
I, 2, 3, 4, Adapical, adoral, rear, right side view of specimen in 
Faculté des Sciences de Bordeaux, from the Eocene, Hastingues 
(Landes), France, X #. 
V ologesta ‘hungartca CSzOrény4) aie! iaic)sia\ale) sitio leis sce slee aieieteis olvtalstanereneieenile IQI 
5, 6, 7, Adapical, right side, adoral view of U.S.N.M. 131284 from 
the Upper Cretaceous (Senonian), Sumeg, Kovesdomb, Bakony. 


PLATE 34 


Plestolampas placenta Duncan and Sladen... 22.2... .ec0. css seca 118 
1, 2, 3, Adapical, right side, adoral view of specimen in Sladen Collec- 
tion at the Exeter Museum, England, from the Paleocene Ranikot 
Series, Jhirak, NE. of Petiani, W. of Kotri, western Sind, India, X 4. 
Apatopygus recens (Milne Edwards) .\. 5.10 c'c'< e's 2 + ele cos» staltietele aig ean 223 
4, 5, 6, 7, Adapical, rear, right side, adoral view of specimen 856 in 
Museum of Comparative Zoology, Harvard, from unknown locality, 
x ¢. 
Conolampas stgsbet. (A. ASassiz) 0.0.0 nels, orys'6» »nisio/s:s}o/a ooh’) sel ds ee 119 
8, 9, Adapical, adoral view of U.S.N.M. 638690 from Cuba, off 
Bahia de Matanzas (living), x #4. 
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Peremnnmnnass ovatus (Cleaimarck’)ix../20 53. 6 <igd anol tard sh eee we eabawaee soe 
1, Adapical view of specimen in Ecole National Supérieure des Mines, 
Paris, from the Upper Cretaceous (Maestrichtian), at Royan, France, 
X $. 
2, Apical system from same specimen, X 4. 
3, 4, Adoral, left side of specimen in the collection of General 
Collignon, from the same locality, x #4. 
MP SWE OTHE NOG GALLCIOUD)) ou. ic's,niaie shajaya. sei’ sn ¥ ieneordye Sahn b/Gla/Sioleuiaias al aininle 
5, Adapical view of specimen in De Loriol Collection at the Muséum 
d’Histoire Naturelle, Genéve, Switzerland, from the Upper Cretaceous 
(Senonian) at Bussac de Birac, Switzerland, #4. 


PLATE 36 


mmarnrvis: Gumtnicrs. (C COUCH) <i. s << hs ci cmitareie so aie sieeve nas.c ce ees wale 
I, 3, Adapical, adoral view of lectotype in the Lambert Collection, 
Sorbonne, Paris, from the Miocene (Langhian) at St. Restitut, Drome, 
France, X 13. 
2, Left side of same specimen, X I$. 
Peas PiOtt \GAUEDIER <5, 54:2 oewelstnate sais etara'e oe Mvlak orale, orate itieclo adhew.es 
4, Floscelle of specimen in De Loriol Collection, Museum d'Histoire 
Naturelle, Genéve, Switzerland, from the Miocene, Mont Genefeh, 
Egypt, X 24. 
5, Apical system of same specimen, X 4. 
6, 7, Adapical, adoral view of same specimen, X I$. 


PLATE 37 


Rarer ass USSU, <C WASHED aa, ctt my tnd ainiaysroinwindhe oangivopciass + cis ares 46,9 = 
I, 3, 4, Adapical, adoral, right side of specimen B.M.E, 4694 in the 
British Museum (Natural History), from the Miocene of Malta, 13. 
2, Apical system of same specimen, X 63. 
Mermaors: Henrics Lamberts is (ssa vee 8 o's oe aie oe.c.0.0:8.rctnsicinie 2008/08 Haine aes 
5, 7, Adapical, right side of lectotype in the Lambert Collection, 
Sorbonne, Paris, from the Upper Cretaceous (Maestrichtian), from 
Morocco, X 24. 
6, Adoral view of paratype from same locality, 23. 
Zagoraa sanflippos (Checchia-Rispoli).. 0.0.0.0 cccs cece sc esceenenceess 
8, 9, 10, Adapical, rear, adoral view: photocopy of Checchia-Rispoli’s 
(1914, pl. 1, figs. 8, 8c) figures of the holotype from the Upper Cre- 
taceous (Senonian) of Tripoli, X é. 


PLATE 38 


Perinenia lorials POuUurtai..oceccdidades es devedeeenaoe weenie ociad oe sieww ea 
I, 4, 5, 6, Adapical, adoral, rear, right side of holotype in the Geo- 
logical Museum, Cairo, Egypt, from the Lower Eocene, east of Minia, 
Egypt, X 14. 
2, Adapical view of paratype from same locality, > 14. 
3, Floscelle of holotype, X 4. 
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Santeclampas oviformis (Conrad) 2. i .ct.s sect ess 50 ee nn oa ulele ee serie 203 
7, 8, 9, 10, Adapical, rear, right side, adoral view of U.S.N.M. 638689 
from the Middle Eocene, Santee limestone, at the Santee-Cooper dam, 
Berkeley County, S. C., X 4. 


PLATE 39 


Neocatopygus rotundus Duncan and Sladen.............sssccseevsvcecees 204 
I, 2, 3, Adapical, right side, adoral view of specimen in collections of 
the University of California, from the Paleocene of India, X 4. 


Tlarioma beggiatot’” (Laude) coe. cscs sce cscs esiee viele selene acne te 206 


4, 5, 6, Adapical, left side, adoral view of Dames’ (1878, pl. 5, fig. 2) 
figured specimen in the Institut und Museum der Humboldt-Universitat 
zu Berlin, from the Eocene, San Giovanni, Vicentin, Italy. x 4. 

7, Floscelle of same specimen, X 4. 

8, 9, 10, Adapical, rear, adoral view of another specimen from the 
same locality and museum, X #. 


PLATE 40 


Gttolampas cuviers (Minster) ..)).)002. 0 ule calc nrice »c)oiecls «© oielelelsloleitia steietnas 209 i 


1, 2, Adapical, adoral view of holotype in Institut fiir Palaontologie 
und historische Geologie, Munich, Germany, from the Middle Eocene, 
at Kressenberg, Germany. X #. 
Gitolampas georgiensis (Twitchell) ...........ccccscccccccouascnvencens 211 
3, 4, 5, Adapical, right side, adoral view of holotype, U.S.N.M. 
165683b, from the Paleocene, Clayton formation on Parker’s farm on 
the Americus road, 5 miles south of Ellaville, Ga. X #4. 


EUrhodia Morsrast, FLALME s «eco: «.cie: a tetev alate yo atele'eie.0 1 ow 0 01/6 vis, sv0 lo) alsle teletoletst teats 21g 4 


6, Adapical view of specimen C3632 in the collections of the University 
of California, from the Paleocene, Ranikot beds, at Petiani, India, X ¢. 

7, 8, Adapical, adoral view of another specimen, C3632a, from the 
same locality, X é. 

9, Floscelle of same specimen, X 2. 


PLATE 4I 


Eurhodia rugosa (Ravenel) 6.0.6.0 000 605 066 seals 00 oe) = ainieiein s/helsiaiaiaiie 214 
I, 2, 3, 4, Adapical, adoral, rear, right side, of U.S.N.M. 562300 from 
the Middle Eocene, Santee limestone, Santee-Cooper Diversion Canal, 
near Eadytown, Berkeley County, S. C., X 4. 
5, Floscelle of same specimen, X 3. 


Studeria subcarinatus (Goldfuss) .......-.0.cccescssecccccesenencsscane 218 © 


6, 7, 8, 9, Adapical, adoral, rear, right side of U.S.N.M. 633998 from 
the Oligocene at Doberg, Westphalia, Germany, X 13. 


Gitolampas tunetana (Gauthier) .......... 6. cece eee eee ween eee ee eneeees 210 
1, 2, 3, Adapical, right side, adoral view of holotype in the Museum 
National d’Histoire Naturelle, Paris, from the Lower Eocene, at 
Mides, Tunisia, X 14. 
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Page 
4, 5, 6, Adapical, rear, adoral view of Cotteau’s (1890, pl. 245, figs. 6-9; 
pl. 246, figs. 1-6) figured specimen in the Lambert Collection, Sorbonne, 
Paris, from the Lower Eocene, at Mides, Tunisia, X 14. 
Gitolampas issyaviensis (Munier-Chalmas) .............ccccccecccccscees 210 
7, 9, Adapical, adoral view of Cotteau’s (1888, pl. 154, pl. 155, fig. 1) 
figured specimen in the Ecole National Supérieure des Mines, Paris, 
from the Eocene, at Issy, France, X #4. 
8, Floscelle of same specimen, X 23. 


PLATE 43 


Pseudopygaulas excentricus (Duncan and Sladen) ..........sceeeeeeeeeeee 220 
1, 2, 3, 4, Adapical, left side, rear, adoral view of specimen in Exeter 
Museum, Exeter, England, from the Eocene Khirthar Series of western 
Sind, India, x 14. 
Pseudopygaulus trigert (Coquand) ........cccsscccccccsccccccssccssscccs 220 
5, 7, 8, Adapical, adoral, left side of Cotteau’s (1887, pl. 126, figs. 1-5) 
figured specimen in the Lambert Collection, Sorbonne, Paris, from the 
Upper Eocene, Zoui (Dept. Constantine) near the frontier of Tunisia, 
x 14. 
6, Floscelle of same specimen, X 3. 
Lovenilampas baixadolettensis Maury......ccccccsccccerccccccccccccvcces 227 
9, View of internal mold of peristomal region of holotype (24166) 
in the American Museum of Natural History, from the Cretaceous 
(Turonian) at Baixa do Leite, Rio Grande do Norte, Brazil, < 14. 
10, Latex cast of same specimen, X I$. 


par HAIt OD Pula. LATO Gay « 4 si e.syavesn'ere' eo iat ale Mower @\el ctw lal o! ste wpialiersiate e's e'e/e 228 
1, Adapical view of lectotype in the Lambert Collection, Sorbonne, 
Paris, from the Upper Cretaceous (Santonian) at Saint Paterne, 
France, X 5. 
2, Adoral view of same specimen, X 3. 
3, Adoral view of same specimen photographed under glycerine, X 3. 
4, Adapical view of same specimen photographed under glycerine, X 3. 
5, Right side of same specimen, X 3. 
Pseudonucleus malladai Lambert.......cccccccccccccscccccecccccscesece 96 
6, Adapical view of holotype, photographed under glycerine, in 
Lambert Collection, Sorbonne, Paris, from the Upper Cretaceous 
(Campanian) of Roiz, Santender, Spain, X 6. 
7, 8, Adapical, left side of a paratype in the same collection, X 14. 
Heteronucleus peroni Lambert..........ccccsccccsccccsccncccccsssececes 64 
9, 10, 11, Adapical, adoral, right side of holotype in the Lambert 
Collection, Sorbonne, Paris, from the Upper Cretaceous (Senonian) at 
Djelfa, Algeria, < 14. 
12, Apical area showing presence of petal in ambulacrum III in the 
same specimen, X 63. 
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Acromazus, 56, 63 

aegyptiacus (Parapygus), 90 

aequorea (Hardouinia, 147 ; chart 7, 
fig. 8 

affinis (Oolopygus), 95 

africanus (Pygurus), 9, 42; chart 3, 
figs. 1, m 

agariciformis (Galeropygus), 24; pl. 1, 
figs. 1-4; text fig. 2 

agassizi (Clypeus), 34; pl. 5, fig. 5; 
pl. 8, fig. 1; text figs. 11-13 

alabamensis (Rhyncholampas), 180 

altus (Clypeus), 31; text fig. 10 

ambroggii (Pseudopygurus), 54 

ammonis (Petalobrissus), 123; pl. 16, 
figs. 7-9; text fig. 103 

amplus (Nucleolites), 57, 63; pl. 6, 
fig. 8; text fig. 42 

amygdala (Eurhodia), 174, 213 

angustatus (Nucleopygus), 167; pl. 24, 
figs. 12-13; text fig. 141 

Anisopetalus, 178, 183 

antecursor (Pseudopygaulus), 220, 221 

Anthobrissus, 75, 77 

Anthropygus, 224 

Apatopygidae, 222 

Apatopygus, 223 

apicalis (Faujasia), 139; pl. 17, figs. 
Q-11; text figs. 113, 114 

Aplolampas, 106, 108 

Archiacia, 153 

Archiacidae, 152 

Arnaudaster, 104 

Asterobrissus, 75, 78 

Astrolampas, 52 

Astropygaulus, 223 

Aulacopygus, 27, 28 

Auloclypeus, 30, 34 

Australanthus, 151 


baixadoleitensis (Lovenilampas), 227; 
pl. 43, figs. 9, 10 


bargesii (Catopygus), 73; pl. 11, figs. 
I-3; text figs. 58, 590 

bassleri (Hardouinia), 145, 147; chart 
7, fig. b; text fig. 119 

beggiatoi (Ilarionia), 206; pl. 30, figs. 
4-10; text fig. 170 

blumenbachi (Pygurus), 7, 42; chart 
3, fig. d; pl. 3, fig. 4 

Bothriolampas, 207, 211 

Bothryopneustes, 38 

Botriopygus, 81, 85 

Breynella, 193, 195 

brodiei (Nucleolites), 57; text fig. 37 

buccalis (Pseudopygaulus), 220 

burckhardti (Petalobrissus), 122 

burgundiae (Nucleolites), 57, 63; text 
figs. 36, 44 


cajonensis (Catopygus), 72 

californicus (Cassidulus), 160, 175 

cariboearum (Cassidulus), 21, 176; 
pl. 26, figs. 3-7; text figs. 148-150 

carinatus (Catopygus), 72; pl. 10, figs. 
5-8; text figs. 55-57 

Cassidulidae, 157 

Cassiduloida, 22 

cassiduloides (Parapygus), 100; pl. 14, 
figs. 7-10; text fig. 82 

Cassidulus, 174 

Catopygus, 71 

caudatus (Hyboclypus), 28; pl. 1, 
fig. 5; text figs. 6, 7 

Centropygus, 224 

cerceleti (Phyllobrissus), 77, 78; pl. 
Il, figs. 6, 7; text fig. 62 

chelonium (Domechinus), 45, 142; 
pl. 18, figs. 1-5 

Clarkiella, 144, 150 

Claviaster, 225 

Clitopygus, 56, 63 

clunicularis (Nucleolites), 63 
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Cluniculus, 56, 63 

Clypeanthus, 226 

Clypeidae, 30 

Clypeobrissus, 38, 41 

Clypeolampadidae, 187 

Clypeopygus, 69 

Clypeus, 30 

clypeus (Hardouinia), 145; chart 7, 
fig. c 

columbianus (Arnaudaster), 105; text 
figs. 88, 89 

Conolampas, 118 

coquandi (Parapygus), 52, 100; pl. 15, 
figs. I, 2; text fig. 84 

coquandi (Pygopistes), 86; pl. 13, figs. 
1-6; text fig. 71 


cornutus (Claviaster), 225; pl. 23, 
fig. I 

Cossmannaster, 144, 150 

cotteauanus (Parapygus), 85, J0I; 


pl. 14, figs. 4-6; text fig. 85 

couzensis (Pygaulus), 80; pl. 11, figs. 
8, 9 

coxwellense (Plagiochasma), 90 

crassa (Cassidulus), 151 

crassa (Echinolampus), 113; pl. 31, 
figs. 3, 4; fig. 92 

Craterolampas, 106, 108 

cubensis (Petalobrissus), 76, 122; text 
figs. 106, 107 

curriae (Plesiolampas), 118 

cuvieri (Gitolampas), 209; pl. 40, 
figs. I, 2; text fig. 171 

cylindricus (Pygorhynchus), 83; pl. 
12, figs. 9, 10; text fig. 67 

Cylindrolampas, 106, rz1 

Cypholampas, 106, III 

Cyrtoma, 131 


Dactyloclypeus, 30, 37 

Daradaster, 212 

delgadoi (Lefortia), 136; pl. 18, figs. 
Q-12; text figs. 115, 116 

depressa (Cassidulus), 174 

depressa (Echinolampas), 112; pl. 31, 
fig. 2; text fig. 91 

depressus (Pygurus), 7, 
3, fig.a; pl. 2, figs. 2-5 

desmoulinsii (Pygaulus), 80; pl. 11, 
figs. 10-12; text figs. 64, 65 


2, 48; chart 
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djelfensis (Petalobrissus), 120; pl. 16, 
figs. I-3; text fig. 102 

Dochmostoma, 89, 93 

Domechinus, 141 


eccentripora (Faujasia), 138 

Echanthus, 207, 211 

Echinanthus, 226 

Echinobrissus, 56, 63 

Echinoclypeus, 30 

Echinolampadidae, 99 

Echinolampas, 106 

Echinopygus, 41, 46 

elatus (Gongrochanus), 132 

ellipticus (Cassidulus), 160, 175 

ellipticus (Rhyncholampas), 183; pl. 
20, figs. 1-3; text fig. 153 

elongatus (Nucleolites), 57 63; pl. 6, 
fig. 7; text fig. 46 

emmonsi (Hardouinia), 147; chart 7, 
fig. j 

emys (Cassidulus), 151 

enormis (Termieria), 198 

Eolampas, 219, 22I 

ericsoni (Rhyncholampas), 174, 180 

Euechinolampas, 106, III 

Eurhodia, 212 

eurynota (Pygidiolampas), 130; pl. 20, 
figs. 2-4; text fig. 112 

Eurypetalum, 140 

evergladensis (Rhyncholampas), 180 

excentricus (Plagiochasma), 90; text 
fig. 73 

excentricus (Pseudopygaulus), 220, 
221; pl. 43, figs. 1-4; text fig. 180, 
181 

expansus (Echinobrissus), 59 


Faujasia, 137 

Faujasidae, 119 

faujasii (Eurypetalum), 140; pl. 17, 
figs. 7-8. 

Fauraster, 142 

fenestratus (Catopygus), 72; text fig. 
53 

floridus (Catopygus), 85 

fraasi (Echinolampas), 107 

fungiformis (Pygurus), 50 


Galerolampas, 178, 184 
Galeropygidae, 23 


NO. 3 


Galeropygus, 24 

gaudryi (Hypopygurus), 7, 88; pl. 13, 
figs. 7, 8; text fig. 72; chart 2, fig. P 

gauthieri (Arnaudaster), 105; pl. 15, 

figs. 5-7; text fig. 87 

gauthieri (Pliolampas), 194; pl. 36, 
figs. 1-3; text fig. 162 

gauthieri (Pseudopygaulus), 220 

Gentilia, 155 

geometricus (Pygidiolampas) 129 

georgiensis (Gitolampas), 211; pl. 40, 
figs. 3-5; text fig. 172 

georgiensis (Rhyncholampas), 180 

geryvilliensis (Pygurus), 7, 43; chart 
gd, ug. € 

gibberulus (Hyboclypus), 27; pl. 1, 
figs. 6, 7; text figs. 4, 5 

Gisopygus, 178, 185 

Gitolampas, 207 

Gitolampopsis, 207, 212 

globosus (Rhyncholampas), 163 

Glossaster, 174, 178 

Gongrochanus, 131 

Gonioclypeus, 144, 149 

gouldii (Rhyncholampas), 174, 180 

gracilis (Nucleolites), 57, 63; pl. 6, 
figs. 5, 6; text fig. 38 

gracilis (Oolopygus), 95; pl. 20, figs. 
5, 6; text fig. 77 

gresslyi (Phyllobrissus), 76, 77; pl. 11, 
figs. 4, 5; text figs. 60, 61 

grignonensis (Rhyncholampas), 185; 
pl. 28, figs. 4-8; text figs. 151, 152 


habanensis (Hardouinia), 70 

Hardouinia, 144 

Hemicara, 98 

hemispherica (Hardouinia), 150; pl. 
21, figs. 6-10 

hemisphericus (Echinolampas), 112; 
text fig. 97 

henrici (Termieria), 198; pl. 37, figs. 
5-7; text fig. 165 

herschelianus (Gongrochanus), 132; 
pl. 19, figs. 4-6; pl. 20, fig. 1; text 
fig. 118 

Heteroclypeus, 106, III 

Heteronucleus, 56, 64 

Holcoepygus, 56, 63 
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hugi (Nucleolites), 57; text figs. 35, 
47 

Hungaresia, 190, 191 

hungarica (Archiacia), 154 

hungarica (Vologesia), 191; pl. 33, 
figs. 5-7; text figs. 183, 184 

Hyboclypus, 27 

Hypopygurus, 87 

Hypselolampas, 216, 277 

Hypsoclypus, 106, 111 

Hypsoheteroclypeus, 106, 172 

Hypsopygaster, 168 


Ilarionia, 205 

Isolampas, 106, I12 

issyaviensis (Gitolampas), 210; pl. 42, 
figs. 7-9; text fig. 173 


jagueyanus (Pygurus), 9, 42; chart 3, 
figedaplesstigaeL 
Jolyclypus, 227 


kellumi (Hardouinia), 147; chart 7, 
fig. h; text fig. 123 
Kephrenia, 201 


lamberti (Bothryopneustes), 39; pl. 9, 
figs. 1-4; text figs. 18-20 

lamberti (Stigmatopygus), 127; pl. 20, 
figs. 5-8; text figs. I10, III 

lampas (Pygurus), 9, 46; chart 3, 
fig. k; pl. 2, figs. 1-3 

lapiscancri (Rhynchopygus), 163; pl. 
24, figs. 5-8; text figs. 135, 136 

lefebvrei (Petalobrissus), 124; pl. 16, 
figs. 4-6; text fig. 104 

Lefortia, 135 

lehoni (Echinolampas), 115; pl. 32, 
figs. 2-4; text fig. 95 

leskei (Clypeaster), 188 

letteroni (Pseudopygurus), 54; pl. 5, 
figs. 1-4; text fig. 28 

libycus (Claviaster), 225; pl. 23, fig. 2 

Libyolampas, 106, 112 


longianus (Australanthus), 151; pl. 
27, figs. 1-4 
longior (Parapygus), 103; pl. 15, 


figs. 3, 4; text fig. 86 
lonigensis (Aplolampas), 108 
Lophopygus, 56, 63 
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lorioli (Kephrenia), 202; pl. 38, figs. 
1-6; text fig. 167 

lorioli (Nucleolites), 57; 63; 
fig. 40 

lorioli (Pseudopygaulus), 220 

lorioli (Pyguropsis), 40; pl. 9, figs. 
5, 6 

Lovenilampas, 227 

lucae (Echinolampas), 111; pl. 30, 
fis: 5 sipl.' 315 Wigs hag pk, s2;aiay we 
text fig. 93 

lusitanicus (Rhynchopygus), 160; text 
figs. 132, 133 

Lychnidius, 164, 166 

lyelli (Rhyncholampas), 163 


text 


macari (Rhynchopygus), 160 

Macrolampas, 106, I12 

major (Nucleolites), 57; text figs. 34, 
45 

malladai (Pseudonucleus), 96; pl. 44, 
figs. 6-8; text figs. 79, 80 

maresi (Pseudopygaulus), 220 

marmini (Rhynchopygus), 160; pl. 24, 
figs. I-4; text figs. 134, 137 

marmonti (Pygurus), 7; chart 3, fig. b 

marticensis (Clitopygus), 59 

meglameryae (Hardouinia), 147; chart 
7 newt 

Mepygurus, 42, 48 

Merolampas, 106, 112 

mexicanus (Rhyncholampas), 160, 174, 
180 

michelini (Pygurus), 48 

micrococcus (Hardouinia), 151 

Milletia, 193, 196 

minimus (Nucleopygus), 162; text fig. 
138 

minor (Nucleopygus), 165; pl. 24, 
figs. 10, 11; text fig. 140 

minor (Pygorhynchus), 83; pl. 12, 
figs. 7, 8; text fig. 66 

Miolampas, 106, 112 

mississippiensis (Catopygus), 72; text 
fig. 54 

montevialensis (Echinolampas), 108 

montmollini (Pygurus), 9, 42, 45; 
chart 3, fig. h; pl. 2, fig. 1 

morgani (Pygurostoma), 135; pl. 19, 
figs. 1-3; text fig. 117 
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morloti (Pygaulus), 79; text fig. 63 

morrisi (Eurhodia), 213; pl. 40, figs. 
6-9; text fig. 176 

morrisii (Ochetes), 171; pl. 25, figs. 
5-7; text figs. 144-146 

mortonis (Hardouinia), 22, 147; pl. 21, 
figs. 1-4; text figs. 121, 124; chart 7, 
fig. e 

munieri (Cassidulus), 151 


nanclasi (Parapygus), 100; pl. 15, figs. 
8, 9; text fig. 81 

neltneri (Petalobrissus), 122; pl. 17, 
figs. 1-3; text fig, 105 

Neocatopygus, 204 

Neoclypeus, 65, 68 

Neolampas, 118 

noetlingi (Pygurus), 0, 51; chart 3, 
fig. j; pl. 4, figs. 1-4 

Notopygus, 56, 63 

novaki (Plagiochasma), 90 

Nucleolites, 56 

Nucleolitidae, 55 

Nucleopygus, 164 


obovatus (Pygorhynchus), 84; pl. 12, 
figs. 1-5; text fig. 70 

Ochetes, 170 

Oeidolampas, 106, 113 

olfersii (Plagiochasma), 90; pl. 14, 
figs. 1-3; text figs. 74-76 

oliveirai (Echinolampas) 107, 184 

Oolopygus, 93 

orbicularis (Nucleolites), 57; 
figs. 33, 43 

orbignyana (Pseudosorella), 67; pl. 9, 
fig. 13; pl. 10, figs. 1, 2; text fig. 50 

orientalis (Bothryopneustes), 41; pl. 9, 
figs, 1%, 12 

Oriolampas, 117, 118 

Ottiliaster, 219, 222 

ovatus (Clypeolampas), 188; pl. 35, 
figs. I-4; text fig. 160 

oviformis (Echinolampas), 107; pl. 30, 
fig. 1-4; text fig. 90 

oviformis (Santeelampas), 203; pl. 38, 
figs. 7-10; text fig. 168 

Ovulechinus, 227 

ovum (Vologesia), 191; pl. 35, fig. 53; 
text fig. 161 


text 


NO. 3 


pacificus (Rhyncholampas), 21, 180; 
pl. 27, figs. 5-8; pl. 28, figs. 1-3; text 
figs. 154-159 

Palaeolampas, 106, I13 

palmata (Archiacia), 153; pl. 22, figs. 
7-9; text fig. 125 

Paralampas, 159, I6I 

parallelus (Nucleopygus), 165; text 
fig. 139 

Parapygus, 99 

Passalaster, 225 

paultrei (Clypeopygus), 71; pl. 13, 
fig. 9; text fig. 52 

Penesticta, 71, 73 

peroni (Heteronucleus), 64; pl. 44, 
figs. 9-12 

perreti (Pygurus), 9, 42; chart 3, 
fig. f 

Petalaster, 219, 222 

Petalobrissus, 120 

Phaleropygus, 216, 217 

Phyllobrissus, 75 

Phylloclypeus, 187, 190 

pilula (Ovulechinus), 228; pl. 44, 
figs. 1-5 

pioti (Pliolampas), 193; pl. 36, figs. 
4-7; text fig. 163 

placenta (Plesiolampas), 118; pl. 34, 
figs. I-3 

placentula (Nucleolites), 57, 165; text 
fig. 30 

Plagiochasma, 89 

Plagiopygus, 178, 185 

plagiosomus (Conoclypus), 112 

Planilampas, 106, 113 

Platipygus, 228 

Plesiolampas, 117 

Pleuropygus, 185 

Pliolampadidae, 192 

Pliolampas, 193 

plotii (Clypeus), 31; pl. 7, fig. 6 

Politolampas, 106, 113 

pomeranum (Hemicara), 98; pl. 22, 
figs. I-3 

Porobrissus, 164, 167 

porrectus (Hardouinia), 22, 147; 
chart 7, fig. £; text fig. 122 

posterocrassus (Echinolampas), 113; 
pl. 32, figs. 5-7; text fig. 96 

potosiensis (Hardouinia), 145; chart 7, 
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fig. d; text fig. 120 

priscus (Fauraster), 143; pl. 18, figs. 
6-8 

Procassidulus, 159, 163 

productus (Astrolampas), 53; pl. 4, 
figs. 5-7; text figs. 26, 27 

Progonolampas, 106, IT3 

Psammolampas, 106, I15 

Pseudocatopygus, 99, 103 

Pseudodesorella, 65 

Pseudonucleus, 93, 96 

Pseudopygaulus, 219 

Pseudopygurus, 54 

Pseudosorella, 56, 65 

Pseudovulechinus, 190, 192 

Pygaulus, 79 

Pygidiolampas, 129 

Pygopistes, 85 

Pygorhynchus, 81 

Pyguropsis, 50 

Pygurostoma, 134 

Pygurus, 41, 45 

pyriformis (Oolopygus), 94, 95; pl. 20, 
figs. 7-9; text fig. 78 


raulini (Echinolampas), 108; pl. 33, 
figs. I-4; text fig. 94 

Ravenelia, 212, 214 

recens (Apatopygus), 223; pl. 34, 
figs. 4-7; text fig. 182 

Ressopygus, 24, 25 

Rhyncholampas, 178 

Rhynchopygus, 159 

romani (Astrolampas), 52 

rostratus (Clypeus), 31; text fig. 8 

rostratus (Pygurus), 9, 42; chart 3, 
fig: £5) pie 3, fig..5 

Rostropygus, 99, 104 

rotundus (Neocatopygus), 204; pl. 30, 
figs. 1-3; text fig. 169 

rotundus (Nucleolites), 57, 59; pl. 7, 
fig. 7; text fig. 41 

rugosa (Eurhodia), 214; pl. 41, figs. 
I-5; text fig. 177 


saadensis (Archiacia), 154; text fig. 
127 

sabistonensis (Rhyncholampas), 174, 
180 

sandalina (Archiacia), 154 
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sanfilippoi (Zuffardia), 199; pl. 37, 
figs. 8-10; text fig. 166 

Santeelampas, 203 

santonensis (Archiacia), 153 

scrobiculatus (Nucleopygus), 
pl. 25, figs. 1-4; text fig. 142 

scutatus (Nucleolites), 59; pl. 6, figs. 
1-3; text figs. 30-32, 49 

Scutolampas, 106, 115 

setifensis (Petalobrissus), 125; pl. 16, 
figs. 10-13; text figs. 108, 109 

sigsbei (Conolampas), 119; pl. 34, 
figs. 8, 9 

similis (Nucleopygus), 165; pl. 24, 
fig. 9 

sinaeus (Plagiochasma), 90 

sinuatus (Clypeus), 33; pl. 7, figs. 1, 
2; pl. 8, fig. 4; text fig. 14 

somaliensis (Bothryopneustes), 39, 
41; pl. 9, figs. 7-I0 

Sphelatus, 106, 115 

stantoni (Hardouinia), 
chart 7, fig. a 

Stigmatopygus, 125 

Studeria, 216 

subcarinatus (Studeria), 218; pl. 41, 
figs. 6-9; text fig. 178 

subinferus (Pygorhynchus), 84; text 
fig. 69 

subquadratus (Nucleolites), 57, 63; 
pl. 6, fig. 9; text fig. 48 

syriaca (Pseudosorella), 68; pl. 10, 
figs. 3-4; text fig. 51 

syriensis (Gentilia), 156; pl. 23, figs. 
5-11; text figs. 129-131; chart 2, 
fig. O 


166; 


144, 145; 


tafileltensis (Gentilia), 7, 156; pl. 23, 
figs. 3, 4; text fig. 128; chart 2, fig. Q 
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Taphropygus, 56, 63 

Termieria, 197 

texanus (Plagiochasma), 90 

thieryi (Rhyncholampas), 185 

Thigopygus, 56, 64 

Thomasaster, 155, 157 

Thomasia, 157 

toucasanus (Parapygus), 100; pl. 12, 
fig. 6 

Trematopygus, 89 

trigeri (Pseudopygaulus), 220; pl. 43, 
figs. 5-8; text fig. 179 

trigonopygus (Petalobrissus), 
pl. 15, fig. 10; text fig. Ior 

Tristomanthus, 216, 218 

Trochalia, 78 

trojana (Lefortia), 136; pl. 18, figs. 
Q-12; text figs. 115, 116 

trojanus (Cassidulus), 175 

tunetana (Gitolampas), 210; pl. 42, 
figs. 1-6; text fig. 175 


120; 


ungosensis (Hypsopygaster), 169; 
pl. 25, figs. 8-10; text figs. 143, 147 


valdensis (Pygorhynchus), 83; text 
fig. 68 

vassalli (Pliolampas), 1095; 
figs. 1-4; text fig. 164 

Vologesia, 190 


pli937, 


wilderae (Nucleolites), 59 

williamsi (Oolopygus), 95 

wylliei (Clypeus), 37; pl. 7, figs. 3-5; 
pl. 8 figs. 2, 3; text figs. 16, 17 


ynezensis (Cassidulus), 160, 175 


Zuffardia, 199 
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HYBOCLYPUS 


5, 
, 7, HYBOCLYPUS GIBBERULUS AGASSIZ 


GALEROPYGUS AGARICIFORMIS (WRIGHT); 


’ 


CAUDATUS WRIGHT; 6 


1-4 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 2 


1, PyGURUS (PYGURUS) MONTMOLLINI AGASSIZ; 2-5, PYGURUS 
(MEPYGURUS) DEPRESSUS AGASSIZ 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 3 


1-3, PyGURUS (PYGURUS) LAMPAS (DE LA BECHE); 4, PYGURUS 
(PYGURUS) BLUMENBACHI KOCK AND DUNKER; 5, PYGURUS (PYGURUS) 
ROSTRATUS AGASSIZ 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 4 


1-4, PYGURUS (PYGUROPSIS) NOETLING! DE LORIOL; 
5-7, ASTROLAMPAS PRODUCTUS (AGASSIZ) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 5 


1-4, PSEUDOPYGURUS LETTERONI LAMBERT; 5, CLYPEUS AGASSIZI 
(WRIGHT) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 6 


1-3, NUCLEOCLITES SCUTATUS LAMARCK; 4, NUCLEOLITES HUGI 
(AGASSIZ); 5, 6, NUCLEOLITES GRACILIS AGASSIZ; 

7, NUCLEOLITES ELONGATUS AGASSIZ; 8, NUCLEOLITES AMPLUS 
AGASSIZ; 9, NUCLEOLITES SUBQUADRATUS AGASSIZ 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 7 


1, 2, CLYPEUS SINUATUS LESKE; 3-5, CLYPEUS WYLLIEI VAR. 
PENTAGONA CURRIE; 6, CLYPEUS PLOTII LESKE; 7, NUCLEOLITES 
ROTUNDUS (PERON AND GAUTHIER) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 8 


OG 06! 
O86 60° 


10.509 
409 COG 
eo 


CLYPEUS AGASSIZI (WRIGHT); 2, 3, CLYPEUS WYLLIEI CURRIE; 
4, CLYPEUS SINUATUS LESKE 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 9 


1-4, BOTHRYOPNEUSTES LAMBERTI FOURTAU,; 
5, 6, BOTHRYOPNEUSTES LORIOLI (FOURTAU); 7-10, BOTHRYO- 
PNEUSTES SOMALIENSIS (CURRIE); 11, 12, BOTHRYOPNEUSTES 
ORIENTALIS FOURTAU; 13, PSEUDOSORELLA ORBIGNYANA (COTTEAU) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 10 


ADI 
@ 
10%, 


ee 
Ly 


1, 2, PSEUDOSORELLA ORBIGNYANA (COTTEAU); 
3, 4, PSEUDOSORELLA SYRIACA (DE LORIOL); 5-8, CATOPYGUS 
CARINATUS (GOLDFUSS) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 11 


1-3 CATOPYGUS BARGESII (D’ORBIGNY); 4, 5, PHYLLOBRISSUS 
GRESSLYI (AGASSIZ); 6, 7, PHYLLOBRISSUS CERCELETI (DESOR); 
8, 9, PYGAULUS COUZENSIS DEMOLY AND LAMBERT: 
10-12, PYGAULUS DESMOULINSII AGASSIZ 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 12 


1-5, PYGORHYNCHUS OBOVATUS (AGASSIZ); 6, PARAPYGUS 
TOUCASANUS (D’ORBIGNY); 7, 8, PYGORHYNCHUS MINOR 
(AGASSIZ); 9, 10, PYGORHYNCHUS CYCLINDRICUS (DESOR) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 13 


1-6, PYGOPISTES COQUANDI (COTTEAU); 7, 8, HYPOPYGURUS 
GAUDRY! GAUTHIER; 9, CLYPEOPYGUS PAULTREI (COTTEAU) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 14 


1, 3, PLAGIOCHASMA OLFERSII (AGASSIZ); 4-6, PARAPYGUS 
COTTEAUANUS (D’ORBIGNY); 7-10, PARAPYGUS CASSIDULOIDES 
GAUTHIER 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 15 


1, 2, PARAPYGUS COQUANDI (COTTEAU); 3, 4, PARAPYGUS LONGIOR 
(COTTEAU AND GAUTHIER); 5-7, ARNAUDASTER GAUTHIERI LAMBERT; 
8, 9, PARAPYGUS NANCLASI (COQUAND); 10, PETALOBRISSUS 
TRIGONOPYGUS (COTTEAU) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 16 


1-3, PETALOBRISSUS DJELFENSIS (GAUTHIER); 4-6, PETALOBRISSUS 
LEFEBVRE! (FOURTAU); 7-9, PETALOBRISSUS AMMONIS (FOURTAU); 
10-13, PETALOBRISSUS SETIFENSIS (COTTEAV) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 17 
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1-3, PETALOBRISSUS NELTNERI (LAMBERT); 4-6, PETALOBRISSUS 
CUBENSIS (WEISBORD); 7, 8, EURYPETALUM FAUJASIUM 
(DESMOULINS); 9-11, FAUJASIA APICALIS (DESOR) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 18 


1-5, DOMECHINUS CHELONIUM (COOKE); 6-8, FAURASTER PRISCUS 
LAMBERT; 9-12, LEFORTIA DELGADO! (DE LORIOL) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


VOL. 144, NO. 3, PLATE 19 
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(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 20 


1, GONGROCHANUS HERSCHELIANUS (M’CLELLAND); 
2-4, PYGIDIOLAMPAS EURYNOTA CLARK; 5-8, STIGMATOPYGUS 
LAMBERTI BESAIRIE 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 2! 


1-4, HARDOUINIA MORTONIS (MICHELIN); 5, HARDOUINIA 
PORRECTUS (CLARK); 6-10, HARDOUINIA HEMISPHERICA (SLOCUM) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 22 


1-3, HEMICARA POMERANUM SCHLUTER; 4-6, ARCHIACIA 
SANDALINA AGASSIZ; 7-9, ARCHIACIA PALMATA GAUTHIER 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 23 


iit 


1, CLAVIASTER CORNUTUS (AGASSIZ); 2, CLAVIASTER LIBYCUS 
GAUTHIER; 3, 4, GENTILIA TAFILELTENSIS 7 LAMBERT; 5-11, GENTILIA 
SYRIENSIS KIER 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 24 


1-4, RHYNCHOPYGUS MARMINI (AGASSIZ); 5-8, RHYNCHOPYGUS 
LAPISCANCRI (LESKE); 9, NUCLEOPYGUS SIMILIS (D’ORBIGNY); 
10, 11, NUCLEOPYGUS MINOR DESOR; 12, 13, NUCLEOPYGUS 
ANGUSTATUS (CLARK) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL, 144, NO. 3, PLATE 25 


1-4, NUCLEOPYGUS SCROBICULATUS (GOLDFUSS); 5-7, OCHETES 
MORRISII (FORBES); 8-10, HYPSOPYGASTER UNGOSENSIS BAJARUNAS 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 26 


1, 2, HYPSOPYGASTER UNGOSENSIS BAJARUNAS; 3-7, CASSIDULUS 
CARIBOEARUM LAMARCK 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 27 


1-4, AUSTRALANTHUS LONGIANUS (GREGORY); 
5-8, RHYNCHOLAMPAS PACIFICUS (A. AGASSIZ) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 28 
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1-3, RHYNCHOLAMPAS PACIFICUS (A. AGASSIZ); 
4-8, RHYNCHOLAMPAS GRIGNONENSI!S (DEFRANCE) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 29 


1-3, RHYNCHOLAMPAS ELLIPTICUS (ARNOLD AND CLARK); 
4, RHYNCHOLAMPAS MEXICANUS (KEW); 5, 6, OOLOPYGUS 
GRACILIS LAMBERT; 7-9, OOLOPYGUS PYRIFORMIS (LESKE) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


VOL. 144, NO. 3, PLATE 30 
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ECHINOLAMPAS OVIFORMIS (GMELIN); 
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LUCAE (DESOR) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 3! 


eee 


1, ECHINOLAMPAS LUCAE (DESOR); 2, ECHINOLAMPAS DEPRESSA 
GRAY; 3, 4, ECHINOLAMPAS CRASSA (BELL) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 32 
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1, ECHINOLAMPAS LUCAE (DESOR); 2-4, ECHINOLAMPAS LEHONI 
(COTTEAU); 5-7, ECHINOLAMPAS POSTEROCRASSUS GREGORY 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 33 


1-4, ECHINOLAMPAS RAULINI COTTEAU; 5-7, VOLOGESIA 
HUNGARICA (SZORENY!) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 34 
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1-3, PLESIOLAMPAS PLACENTA DUNCAN AND SLADEN; 
4-7, APATOPYGUS RECENS (MILNE EDWARDS); 8, 9, CONOLAMPAS 
SIGSBEI (A. AGASSIZ) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 35 
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1-4, CLYPEOLAMPAS OVATUS (LAMARCK); 5, VOLOGESIA 
OVUM (GRATTELOUP) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 36 


1-3, PLIOLAMPAS GAUTHIERI (COTTEAU); 4-7, PLIOLAMPAS 
PIOTI GAUTHIER 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 37 


1-4, PLIOLAMPAS VASSALLI (WRIGHT); 5-7, TERMIERIA HENRICI 
LAMBERT; 8-10 ZUFFARDIA SANFILIPPOI (CHECCHIA-RISPOL1!) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 38 


ah 


1-6, KEPHRENIA LORIOLI FOURTAU; 7-10, SANTEELAMPAS 
OVIFORMIS (CONRAD) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 39 


1-3, NEOCATOPYGUS ROTUNDUS DUNCAN AND SLADEN; 
4-10, ILARIONIA BEGGIATOI (LAUBE) 


(SEE EXPLANATION OF PLATES AT END OF ES) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 40 


1, 2, GITOLAMPAS CUVIERI (MUNSTER): 3-5, GITOLAMPAS 
GEORGIENSIS (TWITCHELL); 6-9, EURHODIA MORRISI HAIME 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 41! 


1-5, EURHODIA RUGOSA (RAVENEL); 6-9, STUDERIA 
SUBCARINATUS (GOLDFUSS) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 42 


1-6, GITOLAMPAS TUNETANA (GAUTHIER); 7-9, GITOLAMPAS 
ISSYAVIENSIS (MUNIER-CHALMAS) 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 43 


1-4, PSEUDOPYGAULUS EXCENTRICUS (DUNCAN AND SLADEN); 
5-8, PSEUDOPYGAULUS TRIGERI (COQUAND); 9, 10, LOVENILAMPAS 
BAIXADOLEITENSIS MAURY 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 


SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 144, NO. 3, PLATE 44 


1-5, OVULECHINUS PILULA LAMBERT; 6-8, PSEUDONUCLEUS 
MALLADAI LAMBERT; 9-12, HETERONUCLEUS PERONI LAMBERT 


(SEE EXPLANATION OF PLATES AT END OF TEXT.) 
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